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S e ve r a l  f a c t o r s  t ha t  a r e  k no wn  to  i n f lu en c e  a t t i t ud e s  o f  s tu d en t s  
t o wa r ds  l e a r n in g  ha v e  b e en  do c um en te d .  S om e  o f  t h es e  f a c to r s  h a ve  
b e e n  fo un d  to  a f f ec t  t h e  a c h i ev e m en t  o f  s tu d en t s .  In  t h i s  s t ud y t h e  
r e l a t i on sh ip  o f  t he  a t t i t ud i n a l  d i spo s i t i o n  o f  s t ud e n t s  t o  t h e i r  
l e a rn in g  o u t c om es  w e r e  a s s es se d .  Ch e mis t r y a t t i t ud e  q u es t io nn a i r e  
w a s  us ed  to  a s s es s  t h e  a t t i t ud e  o f  s tu d en t s  an d  a  p en  a nd  p ap e r  
ex a min a t io n  com pr i s in g  o f  qu es t i on s  r eq u i r in g  d e c l a r a t i v e  a nd  
p r o c ed ur a l  k no wl ed ge  w e r e  us e d  t o  a s s es s  l e a rn i n g  o u t c om es  o f  
s tu d en t s .  Co r r e l a t i on  a n a l ys i s  a nd  m ul t i p l e  l i n e a r  r e g r e s s i on  
a n a l ys i s  w e re  us ed  to  as s es s  r e l a t i on sh ip  b e tw e e n  a t t i t ud e  o f  
s tu d en t s  a nd  t he i r  l e a r n i n g  o u t c om es .   
 
T h e  r es u l t s  s ho w ed  th a t  a t t i t u d e  o f  s tu d en t s  ha d  a  po s i t i v e  bu t  
m od e r a t e  i n f lu en ce  o n  t h e i r  p e r fo rm a n ce .  T h e  A NOV A  r es u l t s  
s ho w e d  a  s t a t i s t i ca l  s i gn i f i c an t  r e l a t i o ns h ip  b e tw e e n  a t t i t ud e  o f  
s tu d en t s  a nd  s t ud e n t s ’  l e a rn in g  ou t c ome s  ( F=  38 .3 83 ,  p =0 .0 0 0) .   
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Overview of  the  Study 
 
1 .1  In t roduct ion   
 
S c i e n t i f i c  kn o wl edge  i s  r e ga r de d  as  a  t oo l  t h a t  a dv a n ce s  m ed i c in e  
b y b e i n g  a n  e s s en t i a l  f a c t o r  i n  t h e  d ev e lo pm en t  o f  c l i n i c a l  p r a c t i ce  
( C am ps  & R e cu e r o ,  2 00 5 ) .  Th i s  s t udy  i n v e s t i ga t ed  th e  r e l a t i on sh ip  
o f  me d i c a l  s t ud en t s ’  a t t i t ud e  t o w ar ds  c h e mis t r y a n d  t he i r  l e a rn in g  
o u t c om es .  In  m os t  S ou th  A f r i c an  H i gh e r  E du c a t io n  In s t i t u t i o ns  
c h e mis t r y i s  t a u gh t  t o  f i r s t  ye a r  m e d ic a l  s t ud e n t s  i n  o r de r  t o  e qu ip  
t h em  w i th  t h e  b as i c  k no wl ed ge  n e ed ed  i n  c h emi s t r y r e l a t e d  c ou rs e s  
l a t e r  i n  t h e i r  s t ud i e s .  M ed ic a l  s t u d en t s  a r e  t h e r e fo r e  r e q u i r ed  to  
h a v e  a  d e ep e r  u nde r s t a nd in g  o f  c h em is t r y c o n c e p t s  a nd  p r in c i p l es  
a n d  t h e i r  a pp l i ca t i on  i n  v a r i ou s  co u rs es .  In  a d d i t i on  t o  t h i s ,  s t ud e n t s  
i n  m ed ic in e  wi l l  b e  r eq u i r ed  to  m ak e  in de p en d en t  d ec i s io ns  a nd  
j ud gm en t s  b as ed  on  s c i e n t i f i c  ev id e nc e  a n d  re a so n i n g  w h e n  f a c ed  
w i t h  c h a l l e n gi n g  so c i a l  a nd  s c i e n t i f i c  i s su es  l a t e r  i n  t h e i r  w o r kp la c e  
( Fa c io n e  as  c i t e d  i n  C as t l e ,  20 05 ) .  T h i s  w i l l  on l y b e  p os s i b l e  i f  
s t u d en t s  ha v e  a n  a d v a nc e d  ch e mis t r y k n o wl e d ge  b as e .  S t ud e n t s  
b r in g  th e i r  o wn  u n iq u e  s t r en g t hs ,  ex p e r i e n c es ,  a t t i t ud es  a nd  
u n de r s t an d i n g  to  t he  c l as s ro om .  T o  b e  a b l e  t o  m ak e  so un d  j ud gm e n t s  
s tu d en t s  wi l l  a l s o  r e q u i r e  a  p os i t i ve  a t t i t u d e .   
 
A lm os t  a l l  e du c a t i on a l  s t ud i e s  co ndu c t ed  du r i n g  th e  l a s t  d e c a d e  
a c k no wl e d ge  t h e  im po r t a n c e  o f  po s i t i v e  a t t i t u d es  i n  t h e  l e a r n in g  
p r o c es s  ( Ba n ya ,  2 0 0 5 ;  M os t e r t ,  2 006 ;  O sb o rn e ,  S im on  & C o l l i n s ,  
2 0 03 ;  R e i s s ,  20 04 ;  Sh an k a r ,  D ub ey,  P a l a i on ,  P r a naya ,  S a h a  & 
D e s hp an d e ,  20 05  a n d  T r ump e r ,  20 0 6) .  T h e  f o l l o wi n g  s tu d i es  
e m ph as i z ed  t h a t  s t u d en t s ’  a t t i t u d e  p os i t i on s  a f f e c t  t h e i r  m o t i v a t ion  
w h ic h  in  t u rn  a f fec t  t h e i r  l e a r n i n g  ou t com e s  ( Be r g ,  2 00 5 ;  Pẽ na  & 
P a co ,  20 05  an d  S o rge ) .   
 
T h e r e  a r e  s ev e r a l  f a c to r s  d o cum e n te d  in  t h e  l i t e r a tu r e  t h a t  a r e  
k n ow n to  i n f lu enc e  th e  a t t i t u d e  o f  s tu de n t s  t o w ar d s  s c i en c e  
l e a rn in g .  In  t h e  s tu d y o f  R e i s s  ( 20 04 )  a t t i t ud e  o f  s tu de n t s  t ow a r ds  
s c ho o l  s c i en c e  wa s  a f f e c t e d  b y c o n t e n t ,  t e a ch i n g  m et ho d ,  a nd  
a s s es s m en t  m et ho d .  A c c o rd i n g  to  R e i s s  (2 00 4 ) ,  s t ud e n t s  d e v e l op  a  
n e ga t i v e  a t t i t u de  t o w a rd s  s c i e nc e  i n  p a r t  a s  a  r e s u l t  o f  t h e  
d e v e l op i n g  n e ga t i ve  a t t i t ud e  t o  s ch oo l  s c i en c e  l e s so ns .  Y e ,  S ko og 
a n d  Zh u  (2 00 0)  r ev e a l e d  t h a t  ge n de r  a l so ,  h a s  an  i n f l ue n c e  on  th e  
a t t i t ud e  o f  s tu d en t s  t o w ar ds  s c i en c e ,  w h i l e  Be r g  ( 20 05)  h as  sh ow n  
t h a t  mo t iv a t io n  ha s  an  i n f lu e n c e  on  s tu d en t s ’  a t t i t ud e s  t o w a rds  
c h e mis t r y.  O t h e r  f a c to r s  i n c lu de  s e l f  e f f i c ac y,  p r i o r  k no wl e d ge ,  
f a mi l y b a c k gr o un d  a n d  o t h e r s .   
 2 
T h e  p e r c ep t io ns  t ha t  s t u d en t s  h a v e  ab o u t  a  su b j e c t  h as  a l so  b e e n  
s ho w n  to  i n f l u en ce  h o w  s t ud e n t s  f ee l  a bo u t  a  s ub j e c t  a n d  t he s e  
p e r c ep t i ons  h av e  a l s o  b e e n  sh o wn  t o  ha v e  a n  e f f e c t  o n  the i r  l e a rn in g  
o u t c om es  ( Fa ye ,  1 9 9 7 ;  Ka n  & Ak b as ,  2 00 6 ;  a nd  Yü c e l ,  2 00 7 ) .  A  
q u a l i t a t i v e  s tu d y  b y R e s s ,  S h e a rd ,  a n d  M cP h er so n  ( 2 00 2 )  has  
i nd i c a t ed  th a t  m ed i c a l  s t ud e n t s ’  ne ga t iv e  a t t i t u d e  t o w a rd s  t h e  
l e a rn in g  o f  c ommu ni c a t io n  s k i l l s  wa s  d ue  to  t h e  p e rc e p t io n  t h e y  
h a v e  a bo u t  t h e  s ub j e c t .  A nv i k ,  G u de ,  G r i ms t a d ,  Ba e r h e im ,  Fa sm e r ,  
H j o r td a h l ,  Ho l en ,  R i sb e r g ,  an d  V a gl um  ( 20 07 )  a l s o  as s es s ed  m e d i ca l  
s t u d en t s ’  a t t i t ud e  t o w a rd s  t h e  l e a rn ing  o f  c omm un i ca t ion  sk i l l s  a nd  
f o un d  t h a t  t h e  s t ud e n t s `  n e ga t iv e  a t t i t u de  t o w a rd s  t he  s ub j ec t  was  
d u e  to  t h e  w a y i t  wa s  t au gh t .   M os t e r t  ( 2 0 06 )  f ou nd  ou t  t h a t  t h e  w a y 
s t a t i s t i c  wa s  t au gh t  a nd  t h e  c on t en t  w e r e  r e sp on s ib l e  fo r  t he  
n e ga t i v e  a t t i t ud e  o f  m ed i c a l  s t u d en t s  t o w a rd  b io s t a t i s t i c s .   
 
T e a c h i n g  i s  o ne  o f  t h e  s t r a t e g i es  use d  i n  t h e  ed u c a t i on  s ys t e m  t o  
e q u i p  s t ud e n t s  w i th  k no wl e d ge .  Ch em is t r y a t  m os t  m ed i c a l  s c ho o l s  
i s  t au gh t  t o  f i r s t  ye a r  m e d ic a l  s t ud e n t s  t o  eq u i p  t he m  wi t h  t h e  
c a p a c i t y  t o  a p p l y b a s i c  s c i en c e  k now l ed ge  i n  ap pr op r i a t e  c l i n i ca l  
s i t u a t io ns .  H ow e v er  t h e  f a cu l t y  o f  m e d i c in e  a t  t h e  H i gh er  E d u c a t ion  
In s t i t u t i o n  i n  G a u te n g  in  t h i s  s t ud y h a s  b e en  ex pe r i e nc i n g  a  h i gh  
f a i l u re  r a t e  o f  s tu d en t s  p a r t i c u l a r l y  i n  co u rs es  wh e re  t h e  b a s i c  
s c i e n t i f i c  kn o wl edge  i s  r eq u i r ed .  In  a  r e v i e w  o f  s tu d en t s ’  a t t i t ud e s  
t o wa r ds  s c i e n ce ,  Os bo r n e ,  S im on  an d  C o l l i n s  (2 00 3 )  a r gu e d  th a t  t h e  
q u a l i t y  o f  t e a c h i ng  s c h o o l  s c i en c e  i s  t he  m os t  s i gn i f i c a n t  f a c to r  
i n f lu e n c in g  s t ud e n t s ’  a t t i t u d e  t o w a rd s  s c i e nc e .  E be n e rz e r  a n d  Zo l l e r  
( 1 99 3 )  h av e  a l s o  r e v e a l ed  t h a t  t e a c h i n g  s t yl e  i s  t h e  m aj o r  
d e t e r min a n t  o f  s tu d en t s ’  a t t i t u d es  t o wa r ds  sc i en c e  an d  s c i en c e  
t e a ch in g  i n  h i gh  sc h oo l .  A l l  t h es e  f ac t o r s  a r e  a l so  k now n  to  a f f e c t  
s t u d en t s ’  l e a rn in g .  
 
La b o r a t o r y w o r k  i s  o f t e n  u s ed  t o  f u r th e r  ex p l o re  kn o wl ed ge  ga i n ed  
i n  t h e  c l as s ro om  a n d  i t  i s  t h e r e fo re  a n  i n t e g r a l  p a r t  o f  s c i e n ce  
e d u c a t i on .  S c i en c e  i s  d r iv e n  b y e m p i r i c a l  ev id en c e  an d  i f  s t ud e n t s  
a r e  t o  p e r f o rm  s a t i s f a c t o r i l y  i n  s c i enc e  t he y n e e d  to  b e  i nv o l ve d  in  
p r a c t i ca l  wo rk .  P r ac t i c a l  w o rk  th e r e fo r e  a l s o  ha s  an  e f f ec t  t o w a rds  
s tu d en t s ’  l e a r n i n g  o u t c om es .   H o we v er ,  K a ya  ( 2 0 0 5 )  a r gu e d  t ha t  t h e  
t yp e  o f  l a bo r a t o r y  e x p e r i e nc e  a  s tud e n t  r e c e i v es  d epe n ds  o n  t h e  
p e d a go g y a n d  in s t r u c t io n a l  m e t ho do lo g y u s e d .  A cc o rd in g  t o  K a ya  
( 2 00 5 )  i f  t h e  s tud e n t s  h av e  an  und e s i r ab l e  a t t i t ud e  t o wa r ds  t h e  
p e d a go g y o r  i n s t r uc t i on a l  m e t ho d  u sed  d u r in g  th e  l e a r n in g  p r o c es s ,  
t h e i r  l e a rn i n g  wi l l  b e  a f f e c t ed .  F rom  ob s e r v a t i on  a nd  b y go i n g  
t h ro u gh  m ed i c a l  s t u d en t s ’  l a bo r a t o r y  r e p o r t s  i t  b e ca m e c l e a r  t ha t  
s t u d en t s  do  n o t  r e a l l y  t h i n k  ab ou t  wha t  t h e y a r e  d o i n g  a n d  w h y t h e y  
h a v e  t o  d o  w h a t  t he y a r e  d o i n g .  S t ud en t s  do  no t  s e e  t h e  n e c e s s i t y  o f  
p r ov in g  th eo r i e s  o r  c h a l l e n gi n g  t h e  sc i e n t i f i c  l a ws  f r om t ex tb oo ks ,  
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w h a t  i s  w r i t t e n  i n  t ex tb oo ks  i s  t he  a b so lu t e  t r u th  a c c o rd in g  t o  t hem.  
T h i s  i n  t u r n  r es u l t e d  i n  t he i r  po or  p e r f o rm an c e  in  l ab or a to r y  
a s s es s m en t .  
 
Fo r  mo s t  Hi gh e r  Ed u c a t i on  In s t i t u t i on s  s tu d en t s  a r e  a wa r d e d  a  p as s  
b y o b t a in i n g  a n  a ggr e ga t e  s c o re  o f  50 %  in  t h e i r  a s s es sm e n t s .  The  
a ggr e ga t e  s c o r e  c o mp r i s es  o f  s tud e n t ’ s  p e r fo rm a n ce  i n  t e s t s ,  
t u t o r i a l s ,  a s s i gn men t s  a n d  p r a c t i c a l  w o r k .  T he  u s e  o f  a n  a ggr e ga t e  
s c o r e  i s  d e s i gn ed  m o re  t o  d i s t i n gu i sh  a mo n g  s tu d en t s  t ha n  t o  as s e s s  
s tu d en t s ’  u nd e rs t an d i n g  o f  f un d am en t a l  co n c ep t s .  A  c o n t i nu ou s  
m et ho d  o f  a s s e s sm e n t  i s  em pl o ye d  t o  as s es s  s tu de n t s  i n  S ou t h  
A f r i ca n  s c ho o l s .  T a n  (1 99 2 )  s tu d i e d  th e  e f f e c t  o f  c o n t in uo us  
a s s es s m en t  o n  me d i ca l  s t u d en t s  a t  a  U n i ve r s i t y  i n  M al a ya ,  
( M al a ys i a ) .  A c co rd in g  to  T an ’s  f i nd in gs ,  c on t in uo us  a s s e s sm e n t  
m et ho d  h a d  a  n e ga t i v e  i n f l u en c e  o v e r  s tu d en t s ’  l ea r n i n g .  C on t in uo us  
a s s es s m en t  m et ho d  a c c o rd i n g  t o  T an  ( 19 92 )  r e su l t ed  i n  s tu d en t s  
h a v i n g  s u r f a c e  kn ow l ed ge .  I t  w a s  o bse r v e d  t h a t  f r eq u en t  s u mm at i ve  
a s s es s m en t  m ad e  s tu d en t s  t o  fo c us  on  p a s s in g  th e  ex ami na t i on  r a t h e r  
t h an  in  un d e rs t a nd i n g  th e  su b j e c t  ma t t e r .  Ac c o rd i n g  to  M a r t on  & 
S a l jo  as  c i t ed  i n  T a n  (1 99 2 ) ,  t h e  t yp e  o f  k no wl e d ge  ac q u i r ed  b y  
s tu d en t s  w a s  d ue  to  t h e  m et ho d  o f  a s s e s sm e n t  wh ic h  emp h as i z e d  t he  
a c q u i s i t i on  o f  r eca l l  o f  f a c t s  w h i ch  d oe s  no t  n e c es sa r i l y  i m p l y  
u n de r s t an d i n g .  
C on c e rn s  t h a t  t h e  e d u c a t i on  s ys t em  c an no t  a d eq u a te l y p r e p a r e  
s tu d en t s  fo r  l i f e  a n d  wo rk  in  t h e  2 1 s t  C e n t u r y h a v e  p r omp t ed  
e d u c a t i on a l i s t s  t o  ex p l o r e  n e w  w a ys  o f  d es i gn in g  c u r r i c u lum .  Th e  
c u r r en t  e du c a t io n  sys t e m  an d  a s s e s sme n t  m eth od  i n  So u th  A f r i c an  i s  
o u t c om e b as e d .  T he  ou t com e  b a s ed  ed u c a t i on  (O BE )  i s  a  s ys t e m  o f  
e d u c a t i on  d es i gn  th a t  fo c us es  on  w ha t  s t ud en t s  c a n  do  a f t e r  t h e  
t e a ch in g  p r o c es s .  T h e  O BE  ap p ro a ch  i s  ho w ev e r  a  n ew s ys t e m  th a t  
w a s  h as t i l y  p a s s e d  o n  t o  ed u c a to r s  by  m e a n s  o f  w o r ksh o ps  w he re  
s e l e c t ed  t e a c h er s  w h o  a t t e nd e d  t he  w o r ksh op s  a r e  ex pe c t ed  to  ho ld  
w o r ksh op s  fo r  o t h e r  t e a ch e r s  a t  t h e i r  s c ho o l s .  Th i s  s ys t e m  i s  l i k e l y 
t o  co mp ro mis e  t he  d e l iv e r y o f  r e l e v a n t  kn ow l ed ge  s in c e  t h es e  
t e a ch e r s  c ou l d  be  l a ck i n g  t h e  ph i l os op h i c a l  b a ckgr o u nd  an d  
p r a c t i ca l  k no w -h ow  o f  t h e  O BE  ap pr o a c h .  Th e  o l d  Sou th  A f r i c an  
s c i e n c e  c u r r i cu lum e mp h as i z e d  s c i e n ce  f o r  t h e  s c i en t i s t .  In  t h e  n ew 
c u r r i c u lu m  t he  n a tu r a l  s c i e nc e  c u r r i cu lu m  r e qu i r e s  t ha t  t h e  t e a ch e r  
h a v e  ex p e r t i s e  o n  fo u r  d i f f e re n t  t h eme s  s u ch  as  ph ys i c s ,  c h em is t r y,  
b io lo g y a n d  e a r th  s c i e n c e .  Th e r e  i s  h o we v e r ,  cu r r en t ly  n o  S ou th  
A f r i ca n  u n iv e r s i t y  g r a d u a t e  wi t h  b a ckgr o u nd  i n  a l l  t he s e  f o u r  a r e as  
( R o l l n i ck ,  i n  Th e  S t a r ,  20 07 ) .  In  s c i e n c e  t h i s  f a c t o r  i s  c o mp ou nd e d  
b y t h e  f a c t  t h a t  phys i c s  a n d  ch em is t ry  a r e  t a u gh t  a s  ph ys i ca l  s c i e n c e  
a n d  in  mo s t  c a se s  b y a  s i n g l e  t e a ch e r .   I t  i s  t h e r e f o r e  po ss ib l e  f o r  
m os t  s t ud en t s  en t e r i n g  t h e  h i gh e r  edu c a t io n  s ys t e m to  d e v e l op  an  
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u n de s i r ab l e  a t t i t u de  t o w a rds  e i t h e r  phys i c s  o r  c h em is t r y d u e  to  l a ck  
o f  t he  ba s i c  kn o wl ed ge  r e qu i r e d  i n  t h es e  co u rs es .  
 
O n e  o f  t he  t a s k  edu c a to r s  f a c e  wh e n  d e s i gn i n g  a  c o ur s e  i s  de c id i n g  
w h a t  t h e y w a n t  t h e i r  s t ud en t s  t o  ge t  o u t  o f  t he i r  l e a rn i n g  
ex p e r i en c e .  D ur in g  t he  l e a r n in g  p r o ce s s ,  s t u d en t s  s ho u l d  p ro gr es s  
f r om  t h e  l o we r  l ev e l  o f  c o gn i t i o n  to  t he  h i gh e s t  l e v e l  o f  co gn i t i on .   
Le a r n i n g  o u t c om es  a r e  c a t e go r i z e d  in  d i f f e r e n t  w a ys  i n  e du c a t ion  
r e s e a r ch .  Th e  m os t  p op u l a r  w a y t o  c ha r a c t e r i z e  l e a r n in g  o u t c om es  i s  
t h e  Bl oo m’ s  co gn i t i v e  T ax o no m y.  T h e  t ax o no m y c a t e go r i z es  
l e a rn in g  o u t c ome s  i n to  s ix  l e v e l s  n am el y;  k n ow le d ge ,  
c o mp r eh e ns i on ,  ap p l i c a t i o n ,  a n a l ys i s ,  s yn t h e s i s ,  an d  e v a lu a t ion  
( B l oo m,  E n ge l h a r t ,  Fu r s t ,  H i l l ,  &  K r a t hw oh l ,  1 95 6) .  B l oo m’s  
C o gn i t i v e  T ax on om y i s  a  d o ma in  u s ed  w id e l y b y  p s yc h o l o gi s t s ,  
e d u c a t i on a l i s t s  and  r e s e a r c h er s  ( Fo re h a nd ,  2 00 5 ) .  I t  i s  a  m u l t i -
t i e r e d  m od e l  o f  c l a s s i f yi n g  t h in k i n g  a c c o rd in g  t o  co gn i t i v e  l e v e l s .  
S i n c e  t he  t ax on omy i s  h i e r a r ch i c a l ,  u s i n g  th i s  m od e l  w i l l  en ab le  
e d u c a to r s  t o  a s s es s  s tu d en t s ’  l ev e l  o f  t ho u gh t .  In  t h i s  w a y i t  i s  
ex p e c t ed  th a t  s t ud en t s  w ho  a r e  a b l e  t o  a p p l y k n o w le d ge  sh o u ld  h av e  
a n  u nd e r s t an d i n g  o f  t h e  r e l e v an t  co n ce p t s .   
 
T h e  o r i g i n a l  t ax on om y h a s  s in c e  b e e n  r e v i e w ed  b y  c o gn i t i ve  
p s yc h o l o g i s t s ,  cu r r i cu lu m  t h eo r i s t s ,  a n d  in s t ru c t io n a l  r e s e a r ch e rs  
a n d  t e s t i n g  a n d  a s se s sm en t  sp e c i a l i s t s  a n d  t h e r e f o r e  a c c om mo da t es  a  
m u ch  b ro ad e r  a ud ie n c e .  T h e  ad v an t age  o f  t he  r e v i s e d  t ax o nom y i s  
t h e  i n c l us io n  o f  spe c i f i c  v e rb s  a nd  p ro d uc t s  l i nk a ge  wi th  e a c h  o f  t h e  
l e v e l s  o f  t h e  c o gn i t i v e  p ro c es s  d i m ens i on .  T h e  r ev i s e d  t ax o nom y c a n  
t h e r e f o r e  b e  us e d  fo r  s t ud e n t s  f r om  the  p r im a r y  l e v e l  t o  t h e  t e r t i a r y 
l e v e l .  A l s o ,  t he  r e v i s e d  ve r s io n  sh ow s  th e  d i s t i n c t io n  b e tw e e n  t he  
d i f f e r en t  t yp e s  o f  k n ow le d ge  a nd  co gn i t i v e  p ro c e s s es  (A n d er so n  & 
K a th w oh l ,  2 00 1 ) .  D o c h y a s  c i t e d  i n  H a i l i k a r i ,  N ev g i ,  &  Li n d b lo m-
Y l an n e  (2 00 7) ,  r e ga r d  kn ow l ed ge  a s  c o mp r i s in g  o f  t h e  d e c l a r a t i v e  
a n d  p ro c e du r a l  kno w le d ge .  H e  d e f i ne s  de c l a r a t i v e  k now l ed ge  a s  
a c c um ul a t io n  o f  f a c t s  a nd  c on c ep t s  w h i c h  co me s  t o  t h e  s u r f a ce  
t h ro u gh  r ec o gn i t i on  o r  r ep r od u c t i on .  P r o ce du r a l  k no wle d ge  o n  th e  
o th e r  h a nd  i s  kn owl e d ge  o f  ap p l i c a t i on  a nd  p r oc e du r es  wh i ch  co me s  
t o  t h e  s u r f a c e  i n  as s es sm en t  t h r ou gh  p r od u c t i on  o r  ap p l i c a t i o n .  In  
A n d er so n  ( 19 95 )  de c l a r a t i v e  kn ow l edge  i s  r e f e r r e d  to  as  “k no wi n g 
t h a t ”  a nd  p r oc e du ra l  k no wl e d ge  a s  “ kn o wi n g  h ow ” .     
 
In  H a i l i k a r i ,  N ev g i ,  &  Li nd b l om - Yl an n e  ( 20 07 )  i t  i s  r ec o mm en d ed  
t h a t  an  i n s t r um en t  u s ed  t o  m e as u r e  l e a rn in g  ou t com e s  o b j e c t i v e l y 
s ho u l d  b e  ab l e  t o  i l l u s t r a t e  t h e  l e v e l  o f  c o n ce p t u a l  un d er s t a nd in g  o f  
t h e  s t ud e n t .  A c co r d i n g  to  Do c h y & M c D o w el l  i n  H a i l i k a r i ,  N e v gi ,  & 
Li n d b lom - Yl a nn e  (2 0 07 )  as se s s me n t  o f  s tu d en t s  u s i n g  t h e  r e v i se d  
t ax o nom y p r o v i d e  t he  po ss i b i l i t y  o f  ex p l o r in g  a n  i nd iv i du a l ’ s  
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k n ow le d ge  b as e  on  mul t i p l e  d i me ns io ns .  K l ym k o ws ky,  G a r v i n -
D ox as ,  &  Ze i l i k  (20 0 3)  b e l i ev e  t h a t  t h i s  w i l l  e n ab l e  e duc a t o r s  t o  s e e  
t h e  l o op ho le s  t h a t  m us t  b e  c l os e d  in  o rd e r  f o r  s t ud en t s  t o  h ave  
c o n c ep t u a l  un d er s t a nd i n g .  Th e  pu rp os e  o f  t h i s  s t ud y w a s  t o  
d e t e r min e  t h e  r e l a t i on sh ip  o f  a t t i t ud e  o f  s tu d en t s  o n  t he i r  l e a r n i n g  
o u t c om es .  
 
1 .2  The  Problem 
 
M e d i c a l  s t ud e n t s  a r e  r e q u i r ed  t o  l ea r n  b as i c  ge n e r a l  a n d  o r ga n i c  
c h e mis t r y a s  a  p r e r e qu i s i t e  f o r  m e d i c a l  c ou r se s  s uc h  as  
p h ys i o l o gi c a l  c h emi s t r y,  b i o c he mis t r y ,  m i c ro b i o lo g y,  p h a r m a co lo g y 
a n d  ch em ic a l  p a t ho lo g y.  A s  a  s e r v i ce  c o ur s e  f o r  m ed i ca l  s t u d en t s ,  
c h e mis t r y a i m s  a t  e n h an c i n g  un d er s t a nd i n g  a nd  a pp l i c a b i l i t y  o f  
s c i e n t i f i c  c on c e p t s  r e l ev a n t  i n  t h e  me d i ca l  f i e ld .  Fo r  t h i s  pu rp os e  
t h e  t e a c h i n g  s t r a t eg i e s  an d  a s s es sm en t  m et ho ds  u s ed  s hou ld  b e  ab l e  
t o  p r ov i d e  s tu d en t s  wi t h  an  un d ers t an d in g  o f  b as i c  p r in c i p l es  
r e q u i r ed  fo r  t h e  s tu d y o f  e a c h  c ou r se .  Ob s e rv a t io n  h as  s ho wn  th a t  
s e n i o r  m e d i c a l  s t ude n t s  a t  a  H i gh er  E du c a t io n  In s t i t u t i on  i n  G au t en g  
( So u t h  Af r i c a )  i n  t h i s  s t ud y h a v e  d i f f i cu l t i e s  i n  c ou r se s  r e qu i r in g  
b a s i c  kn ow l ed ge  o f  c h e mis t r y.  T h i s  co u l d  b e  i n f l u en c e d  b y v a r i o us  
f a c to r s  s u ch  a s  a t t i t u de  t ow a r ds  a  s ub j e c t  o r  l a c k  o f  r e l e v an t  p r i o r  
k n ow le d ge  o r  l a ck  o f  p r op e r  un d e rs t a nd in g .   
 
A t  t h i s  p a r t i c u l a r  In s t i t u t i o n ,  c h em is t r y i s  o f f e r e d  t o  m e d i ca l  
s t u d en t s  b y t h e  f a cu l t y  o f  s c i e n c e  a nd  i s  t he r e fo r e  s c i e n ce  b as e d .  In  
t h i s  w a y i t  i s  l i k e ly  t o  o f f e r  d i s c ip l ine  s p e c i f i c  i n f o rm at i on  w h i c h  i s  
t r an smi t t ed  t o  s t ud e n t s  i n  an o t h er  f i e l d  wi th  t h e  po t en t i a l  o f  no t  
r e v e a l in g  t h e  r e l a t i o ns h ip  a n d  r e l ev a n c e  be tw e e n  t he  f a c t s  and  
s k i l l s .  T h i s  a r r an ge m e n t  m a y l e a d  to  i n ad e qu a t e  s c i e n t i f i c  
p r e p ar a t i o n  o f  h e a l t h  p ro f es s i on a l s  t ha t  a re  un ab l e  t o  a r t i c u l a t e  t h e  
r e l ev a n c e  o f  co n t e n t  kn ow le d ge  to  c l i n i c a l  s i t u a t io ns .  In  a n  
ex p e r i en t i a l  s t u d y o f  J e l i n ek  (1 99 8 )  on  p e r ce p t i on s  an d  a t t i t ud es  o f  
m id d l e  s ch oo l  s tu d en t s  i t  w as  d i s c ov e r ed  t h a t  w he n  s tu d en t s  
r e c o gn iz e  t h e  c o nne c t i on s  b e t w ee n  s c i e n ce  a n d  th e i r  p e r s on a l  l i v es  
t h e y w e r e  i n c l in ed  to  d i sp l a y a n  im p ro ve d  a t t i t ud e  t o wa r ds  t h e  
l e a rn in g  o f  s c i e nc e .  T h i s  w a s  a l so  s up po r t e d  b y  t h e  s t u d y o f  
T r um p er  ( 20 06 )  wh o  n o t i c e d  t h a t  s t u d en t s  a r e  o f t e n  i n t e r e s t ed  i n  
s ub j ec t s  r e l a t e d  t o  t h e i r  p e r s on a l  l i f e  a n d  n e ed s .  In  l i ne  w i t h  t h i s ,  
o n e  c an  as sum e  t h a t  wh en  s t ud en t s  a r e  ab l e  t o  i d e n t i f y  t h e  
c o nn e c t io n  b e t w een  an y p a r t i c u l a r  su b j e c t  wi t h  t h e i r  o w n  f i e ld  o f  
s tu d y t h e y a r e  l i k e l y t o  a pp r e c i a t e  t ha t  s ub j ec t ,  an d  p ay  p a r t i cu l a r  
a t t e n t i on  t o  i t s  s t ud y.  
 
C h emi s t r y i n  M e d ic a l  In s t i t u t i o ns  i s  u s u a l l y  o f f e r e d  to  a  l a r ge  g r o up  
o f  s tu d en t s  w ho  w i l l  n e v er  be c om e  p r a c t i c in g  c he mi s t s .  T he  
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m a j o r i t y  o f  t h e s e  s tu d en t s  a r e  i n t e r e s t e d  i n  t h e  m e d i c a l  f i e l d  c ou r se s  
s u ch  a s  m ed i c in e ,  d e n t i s t r y ,  p h ys i o t he r a p y,  n u rs in g  a n d  o th e r s .  The  
t r ad i t i on a l  t e a c h ing  m e th od  i s  mos t ly  u s e d  t o  t e a ch  t he s e  s tu de n t s .  
S t ud i es  h av e  sh own  t ha t  l e c t u r in g  i s  a n  i n e f f e c t i v e  t e a ch in g  m et h od  
t h a t  i s  t e a ch e r  c en t e r e d  a nd  b a se d  m os t l y  o n  c o n t e n t  k n o wl ed ge  
w h ic h  d oe s  n o t  d eve l op  t r an s fe r a b l e  sk i l l s  t o  s tu de n t s .  Be s id es  t h es e  
d i s a dv a n t a ges ,  l e c tu r in g  m eth od  i s  s t i l l  i n  u s e  b e c au s e  i t  i s  t h e  m os t  
a p p ro p r i a t e  m eth od  f o r  l a r ge  g r ou p  o f  s tu d en t s .   
 
T h e  us u a l  l e a rn in g  s t yl e  o f  l a bo r a t o r y i n s t r u c t i on  us e d  a t  t h e  Hi gh e r  
E d uc a t io n  In s t i t u t i on  in  t h i s  s t ud y  i s  t h e  v e r i f i c a t i o n  m et ho d  
w h e r eb y s t u d en t s  a r e  g i v e n  p r a c t i c a l  m a nu a l s  wi t h  t h e  p r o c e du r e  t o  
f o l l o w .  S tu d en t s  a r e  no t  g i ve n  a  ch an c e  o f  d e s i gn i n g  an d  d r a win g  
c o n c l us i on s  f rom  th e i r  p r a c t i c a l  w o rk  b u t  a r e  f o rc e d  t o  b e l i ev e  a nd  
m em o r i z e .  A c co r d in g  t o  K a ya  ( 2 0 0 5)  t h e  m et ho d  o f  v e r i f i c a t i o n  
d o es  n o t  p r om ot e  t h e  n ec e s s a r y  s k i l l s  r eq u i r ed  f o r  m e a n i n gfu l  
l e a rn in g  s u ch  a s  c o n c ep t u a l  un d e rs t a n d i n g ,  r e t en t io n  o f  c o n t en t  
k n ow le d ge ,  s c i en t i f i c  r e as on in g  s k i l l s  a n d  b e t t e r  a t t i t ud e  t ow a rds  
s c i e n c e .   
 
In  t h e  e v a lu a t io n  o f  t h e  p r a c t i c a l  c omp o ne n t ,  s t u d en t s  a re  a s s es s ed  
b y w h e t h er  t h e y w e r e  ab l e  t o  fo l l ow  ex p e r i m en t a l  p ro c e du r es  b y  
o b t a i n i n g  de s i r ab l e  r e su l t s .  S t ud en t s  o f t en  s t r i ve  t o  ge t  t he  “ c o r re c t ”  
r e s u l t s .  T h i s  a p p roa c h  h a s  r es u l t e d  i n  s tu d en t s  c op yi n g  r e s u l t s  o f  
o th e r  s t ud e n t s  o r  w r i t i n g  t h e  r ep o r t  b a s ed  o n  w ha t  t h ey  h a v e  l ea rn t  
i n  c l as s  a nd  no t  on  w ha t  t h e y h a v e  d i s c ov e r ed  i n  t h e  l a bo r a t o r y.  
T h i s  a s s es s m en t  m et ho d  wi l l  no t  i n d i c a t e  t h e  t r u e  r e f l e c t i on  o f  
s tu d en t s ’  kn o wl ed ge .  An  a s s es sm en t  t e c h n i qu e  t h a t  w i l l  b e  ab l e  t o  
i nd i c a t e  t h e  co n c ep tu a l  d ev e l op m en t  o f  t h e  s t ud e n t s  i s  t h e r e f o re  
r e q u i r ed .  In  t h e  s tud y o f  Be c k  ( 1 99 3 )  o n  s tu d en t s  i n  i n t ro d uc t io n  o f  
p h ys i c s ,  i t  w a s  d i s c ov e r ed  th a t  t h e  n e ga t i v e  a t t i t u d es  o f  s tu d en t s  
w a s  a f f e c t ed  b y  h o w  t h e  ro l e  o f  l a bor a to r y w o r k  w a s  de f in e d .  T he  
d i s c ov e r y m a d e  w a s  t h a t  s t ud e n t s  w ho  m ak e  p e r so n a l  d i s co ve r y o f  
c o n c ep t s  u s u a l l y  h a v e  p os i t i v e  a t t i t ud e  t o w a rd s  l a bo r a t o r y  w o rk .   
O b s er v a t i on  m ad e  w i t h  f i r s t  ye a r  m e d i c a l  s t u d en t s  h as  s h o wn  th a t  
m os t  f i r s t  ye a r  m e d i c a l  s t u d en t s  a t  t h e  E du c a t io n  In s t i t u t i on  in  t h e  
s tu d y a r e  o f t e n  fa c e d  wi t h  d i f f i c u l t i e s  i n  u nd e rs t and in g  b a s i c  
c h e mis t r y c o n c e p t s .  T he i r  kn o wl ed ge  o f  s c i en t i f i c  c on ce p t s  ap p e ar  
t o  b e  i s o l a t e d  f a c t s  v o i d  o f  c on t ex t .  S t ud e n t s  a r e  a b l e  t o  r e c a l l  f a c t s  
b u t  a r e  un a b l e  t o  s e e  t he i r  a pp l i c a t i o ns  i n  t h e i r  f i e ld  o f  s t ud y.  
M u w an ga - Za k e  (2 00 6 )  i n v es t i ga t e d  th e  p ro b l ems  in  Sou th  A f r i c an  
S c i e n ce  Ed u c a t i on  i n  t h e  ru r a l  E as t e r n  C ap e  h i gh  s c ho o l  and  
r e v e a l e d  th a t  t he  l a c k  o f  un de r s t and in g  o f  s c i en c e  co n c ep t s  a nd  
p r o c es s e s  b y m o s t  s c i en c e  t e a c h er s  a n d  t h e  s ho r t a ge  o f  q ua l i f i ed  
t e a ch e r s  a r e  s om e o f  t h e  p r ob l e ms  f a c e d  b y t h e  Sou th  A f r i c an  
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E d uc a t io n  s ys t em .  W h e r e as  t h e  r e l a t i on sh ip  o f  a t t i t u d e  a nd  s tu d en t s ’  
l e a rn in g  ou t com e s  h a s  b e en  as s es s e d  e l s e w he r e  n o  s u ch  s t ud y h as  
b e e n  co nd uc t ed  am on g  f i r s t  ye a r  me d i ca l  s t ud e n t s  b y  l oo k in g  a t  
s t u d en t ´ s  p e r f o rm an c e  i n  d i f f e re n t  k n ow le d ge  c a t e go r i e s  a t  t h i s  
H i gh e r  Ed u c a t i on  In s t i t u t i o n  in  G a u t en g .  
 
T h e r e  h av e  b e en  a  n um b er  o f  p r e v io us  s t ud i e s  t o  as s e s s  a t t i t ud es  o f  
s tu d en t s  t o w a rd  sc i e n ce  a nd  t o  i d e n t i f y  f a c t o r s  t h a t  i n f lu e n c e  th e se  
a t t i t ud es  bu t  t h e  r e l a t i on sh ip  o f  a t t i t ud e  an d  s t ude n t s `  n a ï v e  
u n de r s t an d i n g  o f  co n c ep t s ,  t o  m y k n o w l ed ge  h a s  no t  be en  d on e .  Th i s  
s tu d y w i l l  t h e r e f o re  a s s es s  t h e  r e l a t i o ns h i p  b e tw e e n  t h e  a t t i t ud e  o f  
f i r s t  ye a r  m e d i c a l  s t u de n t s  a t  a  High e r  E du c a t i on  In s t i t u t i on  i n  
G a u t e n g  (So u t h  A f r i ca )  t ow a rd s  c h e mis t r y a n d  t he i r  l e a r n i n g  
o u t c om es .   
 
D u r i n g  t e a ch i n g  an d  l e a r n in g  w e  o f t e n  o v e r lo ok  c o n t r i bu t io ns  o f  
s tu d en t s ’  k no wl ed ge  b a se  a s  a  l ea r n i ng  o u t com e  a nd  t h e  e f f e c t s  o f  
a t t i t ud e  t o w a rd s  s tu d en t s `  l e a rn in g  o u t com e s .  T h i s  s t ud y w i l l  
a t t e mpt  t o  r a i s e  t he  l e ve l  o f  a wa r e n es s  o f  t h e  r e l a t i on sh ip  b e t w een  
a t t i t ud e  o f  s tu d en t s  a n d  t h e i r  p e r f o rm a n ce  i n  d i f f e r en t  k n o wl ed ge  
c o mp on e n t s  a s  w e l l  a s  t h e  r e l a t i o ns h i p  o f  t h e  o v e r a l l  pe r f o rm an ce  
s c o r es  o f  s tu d en t s  a nd  th e i r  s c o r e s  i n  d i f f e r en t  k n o wl ed ge  
c o mp on e n t s .  K no wi n g  t he  r e l a t i on sh ip  b e tw e e n  t h e  kn ow l ed ge  b a se  
o f  s tu de n t s  a nd  the i r  a t t i t u de  t ow a rd s  c h emi s t r y w i l l  p ro v i d e  an  
i nd i c a t io n  o f  w h e t h er  s t ud e n t s  wi l l  b e  a b l e  t o  t r a ns f e r  r e l e v an t  
i n fo rm at io n  l e a rn ed  i n  o n e  f i e l d  t o  t h e  o th e r .  V ygo t s k y’ s  s o c io -
h i s t o r i c a l  cu l tu r e  t h eo r y a r gu e d  t h a t  d u r in g  th e  l e a rn in g  p r oc es s  
l e a rn e r s  a r e  a c t i v e  p a r t i c ip a n t s  a nd  th e r e fo r e  t h e  w a y t h e y v i e w  t he  
l e a rn in g  p r o c es s  c o u l d  b e  a n  ob s t a c l e  t o  t h e i r  l e a rn in g .  I t  i s  
t h e r e f o r e  i mp o r t an t  t o  u nd e rs t a nd  w ays  i n  w h i ch  a t t i t ude  m a y b e  a  
b a r r i e r  t o  l e a r n i n g  o u t c om es .  T h ro u gh  th i s  s tu d y i t  i s  a l so  ho pe d  
t h a t  l e c tu r e r s  a t  t he  Hi gh e r  E du c a t ion  In s t i t u t i o n  in  t h i s  s t u d y w i l l  
o b t a i n  som e  gu ide l i n es  f o r  e f f e c t i v e  d es i gn ,  d ev e l op m en t  a nd  
a s s es s m en t  m et ho ds  t o  f a c i l i t a t e  t e ac h i n g  fo r  t r a ns f e r .   
 
1 .3  Aims  and Object ives  
 
T h e  a im  o f  t h e  p ro p os ed  s tu d y i s :  t o  i n v es t i ga t e  t h e  r e l a t i on sh ip  
b e tw e e n  a t t i t ud e  o f  f i r s t  ye a r  m ed i c a l  s t ud e n t s  a t  a  Hi gh er  
E d uc a t io n  In s t i t u t i o n  to w a rd s  c he mi s t r y a n d  t h e i r  l e a rn in g  
o u t c om es .  Th e  s t udy  h a s  t h e  f o l l o win g  o b j e c t i v es :  
 
1 .  To  d e t e r min e  th e  a t t i t u d e  o f  f i r s t  ye a r  m e d i c a l  s t u d en t s  a t  a  
H i gh e r  Ed u c a t i on  In s t i t u t i o n  i n  G au te n g  t o w a rds  t h e  t ea c h in g  a nd  
l e a rn in g  o f    ch e mis t r y.  
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2 .  T o  as s es s  l e a rn i n g  o u t co m es  o f  f i r s t  ye a r  m e d i c a l  s t u d en t s  i n  
c h e mis t r y a c c o r d in g  t o  m od i f i e d  v e r s io n  o f  r ev i s ed  B l oo m ’s  
c o gn i t i v e  T ax on om y d e s i gn e d  b y  H a i l i k a r i ,  N e v g i ,  &  Li n d b l om -
Y l an n e  ( 20 07 ) .   
 
3 .  To  d e t e rm in e  wh e th e r  t h e r e  i s  a  r e l a t i o ns h ip  b e t w e en  f i r s t  ye a r  
s tu d en t s ’  l e a rn in g  o u t c om es  an d  t h e i r  a t t i t ud i n a l  d i sp os i t i on s .  
 
4 .  To  d e t e rm in e  t h e  r e l a t i on sh ip  b e tw e e n  f i r s t  ye a r  s tu d en t s ’  
k n ow le d ge  b a s e  and  ov e r a l l  p e r fo rm an c e  i n  ch e mis t r y.  
 
1 .4  Research  Ques t ions  
 
T h e  s t ud y w o u l d  l i k e  t o  a dd r es s  t h e  fo l l ow in g  r es e a r ch  q u es t io ns :  
 
1 .  W h at  i s  t he  a t t i t u de  o f  f i r s t  ye a r  m e d i c a l  s t u d en t s  a t  a  H i gh e r  
E d uc a t io n  In s t i t u t i o n  i n  G au t e n g  to wa r d s  t h e  t ea c h i n g  an d  l e a rn in g  
o f  ch em is t r y?  
 
2 .  Ho w  d o es  f i r s t  ye a r  s t u d en t s ’  k now l ed ge  b a se  r a nk  a c c o rd in g  to  
t h e  m od i f i ed  v e r s ion  o f  t h e  r ev i s ed  Blo om ’ s  co gn i t i v e  t ax o nom y?  
 
3 .  W h at  i s  t he  r e l a t i o ns h ip  b e t w ee n  f i r s t  ye a r  s tu d en t s ’  l e a rn in g  
o u t c om es  an d  a t t i t ud e  t ow a r ds  c h emi s t r y?  
 
4 .  W h a t  i s  t h e  r e l a t i on sh ip  b e t w ee n  f i r s t  ye a r  s t u de n t s ’  k n ow l ed ge  
b a s e  a nd  th e i r  o v e ra l l  p e r fo r ma n c e  in  c h e mis t r y?   
 
1 .5  Signi f icance  of  the  Study 
 
D u r i n g  t e a c h in g  a nd  l ea r n i n g  we  o f t en  ov e r l oo k  t he  c on t r i bu t io n  o f  
t h e  kn o wl ed ge  b ase  o f  t h e  s tu de n t s  a s  a  l e a rn i n g  o u t c om e  an d  th e i r  
a t t i t ud e  t o w ar ds  t he i r  l e a r n in g  ex p e r i e n c e s  t o  t h e i r  fu t u r e  l e a rn in g .  
A  f u l l  co mmi tm en t  t o  t e a ch in g  an d  l e a rn i n g  s ho u l d  i n c l ud e  
a s s es s in g  a n d  d oc um e n t i n g  wh a t  a nd  ho w  m u ch  s t ud en t s  a r e  l e a rn i n g  
a n d  us in g  t h i s  t o  im p ro ve  t h e  ed u c a t io n a l  ex pe r i e n c es  be i n g  o f f e r e d .  
T h e  r es u l t s  o f  t h i s  s t ud y w i l l  go  a  l o n g  w a y t o  e n a b l e  c h e mi s t r y  
l e c t u r e r s  a t  t h e  High e r  E du c a t i on  In s t i t u t i o n  in  t h i s  s t ud y t o  d ev i se  
p r o c ed ur e s  a i m ed  a t  im p ro v i n g  th e  a t t i t u de  o f  s tu d en t s  i n  t h e  h e a l th  
s c i e n c es  t o w a rd s  ch e mis t r y a n d  o n  a d v an c in g  s tu de n t s `  k n ow l ed ge  
b a s e  o f  c h em is t r y .  A d va n c ed  k no wle d ge  a n d  b e t t e r  a t t i t ud es  o f  
m e d i c a l  s t ud e n t s  t ow a r ds  s c i e n c e  i n  ge n e r a l  w i l l  b e ne f i t  t h e  m e d i c a l  
p r o f es s io n  m o r e  now  t h an  b e f o r e  b e c au s e  o f  t h e  n ew  p o l i c y o n  t h e  
r e c o gn i t i o n  o f  t h e  t h e r a pe u t i c  e f f e c t s  o f  t r ad i t i on a l  m e d ic i n es .  
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T h e  r es u l t s  o f  t h i s  s t ud y c o u l d  a l so  b e  u s ed  b y  a d m in i s t r a to r s  t o  
m on i to r  t h e  l e a r n i ng  p r o c e s s  o f  s tu d en t s  wh ic h  c ou l d  h e lp  t o  p r e d i c t  
t h e i r  f u tu r e  p r o gr es s .  P ro gr a m d ev e lo p e rs  co u ld  a l so  be n e f i t  f rom 
t h i s  s t ud y b y  u s in g  t h es e  r es u l t s  a s  a  gu id e  t h a t  w i l l  h e l p  i n  
d e s i gn i n g  p r o gr ams  an d  a c t iv i t i e s  t ha t  w i l l  ad v an c e  s tu d en t s  f r om 
o n e  l e v e l  o f  kn ow le d ge  t o  t h e  n ex t  an d  l ea r n i n g  e nv i r on m en t s  t ha t  
w i l l  p r om ot e  po s i t i v e  a t t i t u d es  o f  s t ude n t s .   
 
1 .6  Organizat ions  of  the  Study 
 
T h i s  s t ud y i s  d i v ide d  i n to  f i ve  ch a p t e r s .   
 
C h ap t e r  o n e  co ns i s t s  o f  t h e  i n t rod u c t i on ,  p r ob l e m s t a t em en t ,  
p u rp os e  o f  t h e  s t udy ,  a i m s  a n d  ob je c t iv e s ,  s i gn i f i c an c e  o f  t h e  s t ud y,  
a n d  t he  o r gan iz a t i on  o f  t h e  s t ud y.  T h e  r e v i e w  o f  l i t e r a t u r e  i s  
d i s c uss e d  in  c h ap t e r  t wo .  Ch a p t e r  t h r e e  co n t a i ns  t h e  r es e a r ch  
m et ho do lo g y a n d  p r o c e du r es  u s ed  i n  t h e  s tu d y,  d e s i gn  o f  t h e  s tu d y,  
p o pu l a t i o n  o f  t h e  s t ud y,  d a t a  co l l e c t i ng  p r o c e du r es  a nd  da t a  a na l ys i s  
m e t ho ds .  Ch a p t e r  f o u r  p re s en t s  t h e  r e s u l t s  a nd  th e i r  d i s c uss io n .  
C h ap t e r  f i v e  p r e s en t s  t h e  s um ma r y,  c o n c lu s i on  a nd  

























Li terature  Review 
 
2 .1  In t roduct ion   
 
T h e  a im  o f  t h i s  l i t e r a tu r e  r ev i e w  w a s  t o  e s t ab l i s h  t h e  cu r r e n t  s t a tu s  
o f  i n fo r ma t i on  r e ga r d i n g  th e  r e l a t i on sh ip  o f  a t t i t u d e  o f  s t ud en t s  
t o wa r ds  s c i en c e  on  th e i r  l e a rn i n g  ou t com e s .  T h i s  c h ap t e r  c o ve r ed  
f a c to r s  i n f lu en c in g  a t t i t ud es  o f  s tu de n t s  t o w ar ds  t h e  l e a rn in g  o f  
s c i e n c e  an d  ho w  a t t i t ud es  a r e  b e i n g  c l as s i f i e d  an d  m e as u r ed .  T h e  
c h a p t e r  a l so  a dd r es s ed  s t ud e n t s ’  l e a r n in g  o u t co m es  a nd  d i f f e r en t  
w a ys  o f  m e a s u r in g  l e a r n i n g  ou t com e s ,  t h e  r e l a t i on sh ip  o f  s t ud e n t s ’  
a t t i t ud es  a nd  t he i r  l e a r n in g  o u t c om es  a n d  th e  r e l a t i o ns h i p  be tw e e n  
t h e i r  l e a r n in g  ou t co m es  a n d  pe r f o r m an c e .    
  
2 .2  At t i tude 
 
2 . 2 . 1  D e f in i t i ons  o f  At t i t u d e  
 
T h e  co nc e p t  a t t i t ud e  c an  be  d e f in ed  in  d i f fe r e n t  w a ys .  F i sh b e in  an d  
A jz en  ( 19 75 )  d e f i ne d  a n  a t t i t u d e  as  a  l e a rn e d  d i s pos i t i on  t o  r esp on d  
i n  a  co ns i s t e n t l y  f a v o r ab l e  o r  u n f av or a b l e  m a nn e r  w i th  r e s p ec t  t o  a  
g i v e n  o b j e c t .  T hu rs to n e  a s  c i t e d  i n  K a n  an d  Ak b as  (20 0 6)  d e f in e d  
a t t i t ud e  a s  t h e  d eg r e e  o f  s e n sa t i on  t o  a n  ob j e c t  o r  a n  i n d i v id u a l  
w h i l e  G üz e l  ( 20 04 )  d e f i n ed  an  a t t i t u de  a s  t h e  ge n er a l  e va l u a t i on  o f  
p e op l e  ab ou t  t h e ms e lv es ,  o th e r s ,  o the r  o b j e c t s ,  e v en t s  o r  p ro b l em s .  
S t ud i es  h av e  s how n  th a t  s t u d en t s  w i t h  po s i t i v e  a t t i t u d e  t o w a rds  
t h e i r  s c ho o l  wo rk  a r e  l i k e l y t o  s h ow  co mmi tm en t ,  i n t e r es t ,  a f f e c t i o n  
a n d  a  d e s i r e  t o  l ea rn  m o re .    
 
2 . 2 . 2  T yp e s  o f  At t i t ud es  
 
O s go od  e t  a l .  i n  N ee r in c k  a nd  P a lm e r  ( 1 97 9 )  es t ab l i s h ed  t h re e  m aj o r  
t yp e s  o f  a t t i t u d es  t o w a rd s  a  g iv en  en t i t y .  
 
•  E v al u a t i v e  a t t i t ud e  
E v a l u a t i v e  a t t i t ud e  i s  t h e  l i k e - d i s l i k e   a t t i t ud e  wh i c h  i s  r e v e a l ed  i n  
r e s po ns e  t o  wo r ds  s u ch  as  “ goo d ” ,  “ba d ’  e t c  ( O s goo d  e t  a l .  a s  c i t e d  
i n  N e e r in c k  & P a lm e r ,  1 9 79 )  
 
•  P a r t i c ip a t iv e  a t t i t ud e  
T h i s  i s  t h e  a c t i v i t y  a t t i t ud e  wh i c h  i s  r e v e a l e d  b y u s e  o f  w o r ds  s u ch  
a s  “ a c t i v e ” ,  “ s t a t i c ”  e t c  ( Os go od  e t  a l .  a s  c i t e d  i n  N e e r in ck  & 
P a l me r ,  19 79 ) .  
 11 
•  P ot en c y a t t i t ud e  
T h i s  t yp e  o f  a t t i t ud e  i s  a s s o c i a t ed  wi th  t h e  f e e l i n g  o f  i nd iv i du a l s  
a b ou t  t h e  u t i l i t y  o f  t h e  ob j e c t  o r  c o n c ep t .  Po t e n c y a t t i t ud e  i s  
r e v e a l e d  b y u s e  o f  w o r ds  s u ch  as  “u s e f u l ” ,  “u se l es s ”  e t c  ( O s goo d  e t  
a l .  i n  N e er in c k  an d  P a lm e r ,  1 97 9 ) .  
 
In  m o s t  s t ud i e s ,  a t t i t ud es  a r e  ge n e ra l l y  d e t e r mi n ed  by  e x am in i n g  
t h e i r  co gn i t i v e ,  a f f e c t i v e  an d  b e ha v io r a l  a sp e c t s  ( Be r g ,  2 00 5 ;  an d  
Y o un g ,  19 98 ) .  A s  a  c o gn i t i ve  a sp e c t ,  a t t i t u d e  c an  be  ex p r es se d  in  
t e rm s  o f  a  s e t  o f  kn o wl ed ge  a n d  b e l i e f s  co n c e rn i n g  a n  o b j e c t  a s  i n  
t h i nk i n g  o r  r e aso n in g .  A  s t a t e me n t  suc h  a s  “ I  t h in k  t h a t  t h i s  co ur s e  
i s  d i f f i c u l t ”  i s  a n  ex am pl e  o f  a  c o gn i t i v e  r e sp on se  ex p r e s s i n g  an  
a t t i t ud e  t o w ar ds  a  s u b j e c t .  A t t i t u de  c a n  a l s o  b e  ex p re s s ed  a s  an  
a f f e c t iv e  r e sp on s e  b y r e l a t i n g  t h e  f e e l i n gs  o r  e v a lu a t io n  o f  a  p e r so n  
w i t h  r esp e c t  t o  a n  o b j e c t .  “ I  a m  i n t e re s t e d  i n  t h i s  p a r t i cu l a r  c ou r se  
o r  I  d o  no t  l i k e  p r ac t i c a l  wo r k ”  a r e  s t a t em e n t s  t h a t  wi l l  d i s p l a y h o w  
go o d  o r  b ad  a  p e r s on  f e e l s  a bo u t  an  o b j e c t .   In  t h i s  e x amp l e  a  
p e r so n  i s  ex p r e s s i ng  h i s  f ee l i n gs  t o war d s  a  p a r t i c u l a r  sub j e c t  o r  a n  
a c t i v i t y .  A n  a t t i t ude  c a n  l a s t l y  b e  e x pr e s se d  in  t e r ms  o f  a  b e h a v io r a l  
r e s po ns e  su c h  a s  a b s e n t e e i s m  f rom  c l as s es  o r  c omi n g  e a r l y  t o  
c l as s es ,  i n  t h e se  ex a mpl e s  a  p e r s on  i s  ex h ib i t i n g  som e  r e a c t i on s  
t o wa r ds  an  o b j e c t .   
 
In  s c i e n c e  ed u c a t io n  th e  c o gn i t i v e  do m ain  i s  o f  p r i m ar y  c o n c e r n .  
H o w ev e r ,  Ko b e l l a  ( 1 98 9 )  b e l i e ve s  t ha t  t he  a f fe c t iv e  v a r i ab l e  i s  a s  
i mp or t an t  a s  t h e  c o gn i t i v e  v a r i ab l e  i n  i n f l u en c i ng  l e a r n in g  
o u t c om es .  T ru mp er  ( 20 06 )  a l so  a r gu e d  th a t  bo th  a f fe c t i v e  a nd  
c o gn i t i v e  o u t com es  o f  s c i en c e  i n s t r u c t io n  a r e  i mp or t a n t  d u r in g  
t e a ch in g  a n d  l e a rn in g .  H e n ce  a c c o rd i ng  t o  T ru mp e r  (2 00 6) ,  “ wi th ou t  
c o gn i t i on  t he r e  ca n  b e  no  a f f e c t  an d  the r e f o r e  no  a t t i t u d e . ”  
     
2 . 2 . 3  Fa c t o r s  i n f l u en c i n g  a t t i t u de  o f  s t ud e n t s  t ow a r ds  l e a r n i n g  
 
S t ud i es  h a v e  sh own  t h a t  t h e  a t t i t ud e  o f  s t ud e n t s  t o w ard s  l e a r n i n g  
a r e  a f f e c t e d  b y  f a c t o r s  su c h  as  m eth o d  o f  t e a ch i n g ,  pe r f o rm an c e ,  
ge n d e r ,  mo t iv a t ion ,  r e l ev a n c e  o f  s ub j ec t  t o  f i e ld  o f  s t ud y,  
b a c k gr ou nd  a nd  e n v i r onm e n t a l  f a c to r s  ( Ba n ya ,  2 0 05 ;  Be r g ,  2 0 05 ;  
C ho i  &  C ho  2 00 2 ;  D e r a t z o u ,  20 06 ;  K a ya ,  2 0 0 5 ;  a nd  Y e ,  S ko o g  & 
Zh u ,  2 00 0) .   
 
D i f f e r e n t  t e a c h in g  m et ho ds  h a ve  b e en  u s e d  i n  an  a t t emp t  t o  i mp r ov e  
t h e  a t t i t u d es  o f  s tu d en t s  t o w ar d  s tud yi n g  s c i en c e .  M os t e r t  (2 00 6)  
r e p o r t ed  t ha t  B l an d ,  u s ed  m et ho d  o f  a r gum e n t a t ion  ba s ed  on  
s tu d en t s ’  co n ce p t  m a ps  a nd  th i s  r e su l t ed  i n  po s i t i v e  a t t i t ud es  o f  
m e d i c a l  s t ud e n t s  t ow a r d  ph a rm a c o lo g y.  K a ya  ( 2 0 0 5 )  h as  a l so  s ho wn  
t h a t  t h e  m eth od  o f  a r gu m en ta t i on  a c co mp a n i ed  b y c o n c e p t  m ap p i ng  
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i mp ro v ed  t h e  a t t i t u d es  o f  s tu d en t s  t o wa r ds  ch em is t r y  l ab o r a to r y 
p r a c t i ca l  w or k .  The  s t ud y h a s  a l s o  sh o wn  t h a t  t h e  m eth o d  h e lp e d  
s tu d en t s  t o  d e v e lop  c on c ep tu a l  l e a rn i n g  s t r a t e g i e s .  Cho i  a nd  C ho  
( 2 00 2 )  us e d  e t h i ca l  i s s u es  t o  i l l u s t r a t e  t h e  f a c t  t h a t  s t u d en t s ’  
a p p r ec i a t i on  o f  s c i e n ce  i n c r e a se s  wh e n  th e y a r e  a b l e  t o  s e e  t he  
r e l ev a n c e  an d  p r a c t i c a l i t y  o f  t he  co n t en t  i n  e v e r y d a y l i f e .   
 
H u l l e t ,  W i l l i a ms ,  T w i t t y ,  a n d  Tu rn er  ( 2 00 4)  us e d  i nqu i r y b a s e d  
l e a rn in g  m e th od  in  t e a ch in g  c h e mis t r y.  T h e  m e th od  o f  i nq u i r y  
r e s u l t e d  i n  c r e a t in g  in t e r e s t  amo n g  s tud e n t s .  L i n  (1 99 8)  us e d  h i s to r y 
a n d  p h i l os op h y o f  s c i e n ce  an d  th e  r e s u l t i n g  e f f e c t  t o  a t t i t ud e  w as  
f a v o ra b l e .  O th e r s  u s e d  v i s ua l  de mo ns t ra t i o n  to  su ppo r t  l e c t u re s  
( D e r a t z ou ,  20 06 ) ,  w e b -b a s ed  p r o j e c t  a p p l i c a t i on  (M o rg i l ,  U r a l ,  & 
T e m el ,  2 00 8)  a nd  m ot i v a t i on  ( Be r g ,  2 0 05 )  t o  im p ro v e  th e  a t t i t u de s  
o f  s tu de n t s  t o w ar d  c h emi s t r y.  Za r o t i a d ou  & T s ap a r l i s  i n  Co l l  a nd  
T a yl o r  (2 00 1 )  a s se r t  t h a t :  “ e ve r y t e a c h i n g  m et ho d  tha t  i n vo lv es  
s tu d en t s  i n  a n  a c t iv e  w a y i n  t h e  l e a rn i n g  p ro c e s s  wi l l  i nc r e a s e  t h e i r  
p os i t i v e  a t t i t u d es  t o wa r ds  sc i en c e . ”  H o w ev e r  Y e ,  S ko og  a n d  Zh u  
( 2 00 0 )  s t ud i e d  t h e  a t t i t u d es  o f  Ch i ne s e  se c on d a r y s c h o o l  s tu d en t s  
a n d  d i s c ov e r ed  th a t  t h e  e f f ec t  o f  t eac h in g  m et ho d  o n  a t t i t ud es  o f  
t ho s e  s t ud e n t s  w as  n o t  s i gn i f i c a n t .  Th i s  w as  a l so  su pp or t ed  b y t h e  
s tu d y o f  E b e n ez e r  &  Zo l l e r  (1 99 3 )  w h o  fo un d  n o  ch an ge  i n  t he  
a t t i t ud es  o f  h i gh  sc h oo l  s tu d en t s  i n  sp i t e  o f  u s i n g  th e  c o ns t ru c t i v i s t  
a p p ro a ch  w h i c h  i s  s a id  t o  b e  an  e f f ec t i v e  t e a ch in g  m et hod .  J a r v i s  a s  
c i t e d  i n  Ban n i n g  ( 20 0 5)  v i e ws  t ea c h i ng  a s  b o t h  an  a r t  a nd  a  s c i e n ce .  
A s  an  a r t  an d  a  s c i e n ce  t e a c h in g  i s  t h e r e fo r e  a  c on t in uo us  p r o c es s  
t h a t  r e qu i r es  t o  be  ex p l o r e d  f ro m  a  v a r i e t y  o f  p e r s p e c t i ve  f r o m  t ime  
t o  t im e  a nd  a s  s c i en c e  t e a ch i n g  m et hod s  us e d  sh ou l d  b e  re f in e d  f ro m 
t im e  to  t im e .   
 
M os t  s t ud i e s  o n  ge n d e r  h a v e  r e v ea l e d  th a t  m a l es ’  a b i l i t y  a n d  
a t t i t ud es  r e l a t e d  t o  s c i en c e  a re  mo r e  p os i t i v e  t ha n  t ho s e  o f  f em a les  
Y e ,  S ko o g ,  an d  Zh u  (2 00 0 ) .  Ba n ya  ( 2 00 5 )  i n  h i s  s tu dy  o n  yo u n g 
f e m al e  s t ud e n t s ’   a t t i t u de s  t o w ar d  c h e mi s t r y  r e v e a l e d  t h a t  s e l f  
c o n f id e n c e  t ow a rd  c h em is t r y,  i n f lu e n c e  o f  r o l e  m od e l s ,  a n d  
u s e fu l n es s  o f  ch em is t r y h a v e  a n  in f lu en c e  on  th e  a t t i t ud es  o f  
s tu d en t s  t o wa r d  s t ud yi n g  c h e mi s t r y.  Ç ok a d ar ,  &  K ülç e ,  ( 20 08 )  
c o n c l ud ed  th a t  co n t r ad i c t i n g  r es u l t s  m a k es  i t  d i f f i cu l t  t o  ge n e r a l i z e  
t h e  r es u l t s  o f  t h e  s tu d y o f  a t t i t u d e  a nd  ge n d e r .   
                                                                                                  
W i t h  r e ga rd  t o  ch e mis t r y a s  a  s c i e n c e  su b j e c t ,  ( D em i r c i ğ l u  & 
N o rm a n ,  19 99 )  fo un d  n o  s i gn i f i c an t  e f f e c t  o f  ge nd e r  on  c h emi s t r y  
a c h i e v em e n t  an d  ch e mis t r y a t t i t ud e s ,  w h i l e  t yp e  o f  s c ho o l  ( p r iv a t e  
o r  go v e rn m en t )  w as  s ho wn  t o  h av e  a  s i gn i f i c an t  e f fe c t  on  c h em is t r y 
a c h i e v em e n t .  K a n  a n d  A kb a s  (2 00 6 )  a l so  f ou nd  n o  a t t i t ude  
d i f f e r en c e  a c co r d in g  t o  ge n d e r  t o w a rd s  ch em is t r y i n  t he i r  s t u d y o f  
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a f f e c t i v e  f a c t o r s  t h a t  i n f lu e n c e  ch emi s t r y  a c h i e ve m en t .  Y e ,  W el l s ,  
T a lk mi t t ,  a nd  R en  ( 1 99 8 )  fo un d  ou t  t h a t  m a le  s tu de n t s  ha v e  s l i gh t l y  
h i gh er  a t t i t u d es  t o wa r d  s c i en c e  w i t h  ge n de r  d i f fe r e n c e  m o re  
p r on ou n c ed  in  p h ys i c s  an d  c h emi s t r y t h a n  in  b i o l o g y.     
 
2 . 2 . 4  A s se s s me n t  o f  A t t i t ud e  
 
F r o m th e  d e f i n i t i ons  o f  a t t i t u d e  i n  2 .2 .1 ,  i t  ap pe a r s  t h a t  a t t i t u d es  a r e  
n o t  q u an t i f i ab l e .  A c c o rd in g  t o  Ko b e l l a  ( 1 98 9)  t h e  m os t  p ro mi ne n t  
q u a l i t y  o f  a t t i t ud e  i s  e v a lu a t in g  d i re c t i on a l i t y-  o u r  f a v o r ab l e  o r  
u n f av o ra b l e  f e e l i n g  t o w ar ds  s om et h in g .  A t t i t u d es  o f  s tu de n t s  c a n  be  
m e as u r ed  fo rm a l l y  o r  i n fo rm al l y.  Fo r m al  a s s es sm en t s  i n c lu d e  s e l f  
r e p o r t  su r ve ys  i n  t h e  fo rm  o f  q u es t ion n a i r es  wh i c h  ma y c on s i s t  o f  
o p en - e nd e d  qu e s t io ns ,  m u l t i p l e  ch o ic e  q ue s t i on s ,  o r  r a t i n g  s ca l es  
t h a t  a l l ow  s t ud en t s  t o  i n d i c a t e  h o w s t r o n g l y t h e y a g r e e  o r  d i s a g r e e  
w i t h  sp e c i f i c  s t a t em e n t s .   In f o r ma l  su r v e y  c o u ld  b e  i n  t h e  fo r m  o f  
c l as s ro om  ob s e r v a t i on  w h e re  a  t e a c her  m a y a s k  h o w  a  s tu d en t  f e e l s  
w i t h  r e ga r d  t o  h e r  t e a ch i n g  s t yl e  a nd  t h e  s t ud en t  g i v es  a  v e rb a l  
r e s po ns e  t o  t he  q u es t io n .  
 
In  m o s t  c as e s  s e l f  a d min i s t e r e d  as s e s s m en t  q ue s t i on n a i re s  h av e  b e en  
u s ed  a s  a n  e f f e c t ive  w a y o f  a s s es s i n g  s tu d en t s ’  a t t i t u d es .  Q u es t io ns  
i n c lu d ed  m os t l y  i n  s u r v e ys  i n vo lv e  t he  c o gn i t i v e  co mp on e n t  a s  we l l  
a s  t h e  a f f e c t i v e  c o mp on e n t .  C om mo n  q u es t io ns  u s ed  in  t h e  
a s s es s m en t  o f  s tud e n t s ’  a t t i t ud es  ma y b e  p o s i t i v e  o r  n e ga t i v e .  A  
s t a t em en t  su ch  a s :   “ c h e mi s t r y  i s  m y f a v o r i t e  su b j e c t ”  i s  a  p o s i t i v e  
s t a t em en t  wh i l e  “ I  d o  n o t  d o  w e l l  i n  c h emi s t r y i s  a  n e ga t i v e  
s t a t em en t .  T h es e  s t a t em e n t s  c an  b e  ans w e r ed  b y u s in g  r a t i n g  sc a l es  
w h ic h  r a n ge s  f ro m “ I  t o t a l l y  a g r e e ”  t o  “ I  t o t a l l y  d i sa g r e e ” .  Li k e r t  
t yp e  s c a l e s  a r e  o f t e n  us ed  to  ge t  qua n t i t a t i v e  i n f o rm at i on  s u ch  as  
c o mp a r i so ns  b e t wee n  d i f f e r en t  g r o ups  ( e . g . ,  g i r l s  v e r sus  b o ys )  a n d  
t h e y a l s o  p e rm i t  f ac t o r  a n a l ys i s  (R e i s s ,  2 00 4 )  w h i ch  c an  b e  u s ed  t o  
c h e c k  co ns i s t e n t  r e l i a b i l i t y  o f  t h e  i n s t r um en t .  W i th  re ga r d  t o  t h e  
v a l id i t y  o f  t h e  Li k e r t  s c a l e  D ye r  i n  P a ge - Bu c c i ,  2 00 3  s t a t ed  t ha t  
“ a t t i t u d es  s c a l es  do  no t  n e ed  to  b e  fa c t ua l l y  a c c u r a t e  -  t h e y s i m pl y  
n e e d  t o  r e f l e c t  o n e  p o ss i b l e  pe r c ep t i on  o f  t h e  t ru th . ”  T he  r e s po nses  
o f  s tu d en t s  t o  t h e  s t a t em en t s  w i l l  t h e r e fo r e  i nd i c a t e  t h e  f e e l i n gs  
w h ic h  ea c h  s t a t e me n t  i s  t r i gge r i n g  i n  t h e m ( D ye r  a s  c i t e d  i n  P a ge -
Bu c c i ,  2 00 3 )   
 
O p e n  en d ed  s u rv e y  q u e s t i on s  r eq u i r i ng  s t u d en t s  t o  f i l l  i n  a  r e s po ns e  
c o u l d  a l so  b e  u s ed  w h e n  on e  w an t  t o  o b t a in  ge n e r a l  r e s u l t s .  O p en  
e n d ed  q u es t io ns  r e s u l t  i n  r i c h  d a t a  w h i ch  l e a d  t o  co mp l i c a t ed  
a n a l ys i s  an d  d i f f i cu l t  i n t e rp r e t a t i o n  o f  r e su l t s  (R e i s s ,  20 0 4) .  W h en  
o n e  w an t s  t o  o b t a i n  s p e c i f i c  an s we rs ,  m u l t i p l e  c ho i ce  q u es t i ons  
c o u l d  b e  us e d .  Mu l t i p l e  c ho i ce  q u es t io ns  c a n  b e  an sw e r ed  b y u s i n g  a  
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r a t i n g  s c a l e  w h i l e  i n  o p en  e nd e d  q ue s t io ns  t h e  us e  o f  s c a l e s  an d  
r a n k in g  i s  n o t  app r op r i a t e  du e  to  t h e  d iv e r s i t y  o f  t he  a ns w e rs .  
A n o t he r  m eth od  u se d  in  s t ud i es  o f  D uc k w or th  a nd  O rm e ro d  a s  c i t ed  
i n  O sb o rn e ,  S imo n  a n d  Co l l i n s  (2 00 3)  i n vo lv e d  a sk i n g  s tu d en t s  t o  
r a n k  t he i r  l i k in g  o f  s ch oo l  su b j e c t s .  T h e  r e l a t i v e  po pu l a r i t y  o f  a  
s ub j ec t  i s  t h en  t a ke n  as  a n  i n d i c a t i on  o f  s tu de n t s ’  a t t i t ud e  t o w ar d  a  
s ub j ec t .  P r e f e re n c e  r a n k i n g  i s  s i mp le  t o  u s e  an d  th e  r es u l t s  a r e  e a s y  
t o  p re s en t  an d  in t e rp r e t ,  h ow e v er  i t  i s  a  r e l a t i v e  s c a l e .    
 
2 .3  Learning Outcomes 
 
D u r i n g  th e  l e a r n in g  p r o c es s ,  s t u d en t s  sh ou ld  p ro gr es s  f rom  th e  
l o we r  l ev e l  o f  co gn i t i on  t o  t h e  h i ghe s t  l e v e l  o f  c o gn i t i on .  In  t h e  
e d u c a t i on  s ys t e m ,  a s s es s m en t  i s  u s e d  a s  a  s t r a t e g y t h a t  h e lp s  i n  t h e  
e v a lu a t io n  o f  s tu d en t s ’  l e a r n in g  o u t c om e s .  R i ch a rd s  (2 001 )  d e f in ed  
a s s es s m en t  a s  a  w ay o f  m e a s u r i n g  p rogr e s s .  P ro gr e s s  o f  l e a r n i n g  c an  
b e  i l l u s t r a t e d  wh e n  a  s tu d en t  i s  a b l e  t o  us e  t h e  a cq u i r ed  k n ow le d ge  
i n  a pp r op r i a t e  s i t u a t io ns   
 
2 . 3 . 1  Fa c t o r s  A f f e c t i n g  th e  A ch i e v em en t  o f  Le a r n i n g  O u t co m es  
 
O n e  o f  t h e  f i r s t  t a s k  ed u c a t o r s  f a ce  w h e n  d es i gn in g  a  c o u rs e  i s  
d e c id i n g  w h a t  t h e y  w a n t  t h e i r  s t ud e n t s  t o  ge t  ou t  o f  t h e i r  l e a r n in g  
ex p e r i en c e .  T h e re  a r e  s e v er a l  f a c to r s  t h a t  a f fe c t  t h e  l e a r n i n g  
o u t c om es  o f  s t ud e n t s .  In  m a jo r i t y  o f  s tu d i es  t h e  l e a r n in g  
ex p e r i en c es  o f  t h e  s tu d en t s  h a ve  b e en  s ho w n  to  h av e  a  g re a t e r  e f f e c t  
o n  s t ud e n t ’  l ea r n in g  o u t co me s  ( e . g .  K a ya ,  2 00 5 ) ,  o th e r  s tu d i es  
r e v e a l e d  t h a t  a t t i t ud e s  o f  s t ud e n t s  t ow a r ds  a  su b j e c t  h av e  a n  e f f ec t  
o n  th e i r  l e a rn i n g  ou t com e s .   
 
2 . 3 . 1 . 1  S t ud e n t s ’  Le a r n in g  Ex p e r i en c e s   
 
D u r i n g  t he  l e a rn i n g  p r oc e s s  s t ude n t s  u nd e r go  man y l e a r n i n g  
ex p e r i en c es  i n  c l as s  o r  ou t  o f  c l as s .  So m e  o f  t h es e  ex p e r i e n ce s  t a ke  
p l a ce  f o rm al l y  i n  t h e  f o rm  o f  l e c tu r e s ,  p r es e n t a t i on s ,  l a bo r a t o r y  
w o r k  o r  a s s e s sm e n t ,  w h i l e  o t h e r s  a re  i n f o rm al  a nd  c an  b e  i n  t h e  
f o rm  o f  t u to r i a l s ,  g r o up  d i s cu ss io ns  o r  p e e r  t u t o r in g .  
  
Le c t u r e  i s  a  fo r mal  t e a ch in g  m e th od  t h a t  i s  w id e l y u s e d  d es p i t e  a l l  
t h e  c r i t i c i sm  a ga i ns t  i t  ( J a rv i s  a s  c i t ed  i n  Ban n in g ,  20 05 ) .  
In s t r u c t io n  b y l e c tu r in g  i nv o lv e s  t r ans mis s i on  o f  f a c tu a l  k n ow l ed ge  
t o  a  l a r ge  g r o up  o f  s tu de n t s .  Th i s  m eth o d  i s  a l so  r e f e r r ed  to  as  ro t e  
l e a rn in g  b e c au se  s t ud e n t s  p as s iv e l y a c q u i r e  i n f o r m at i on  f ro m  the  
l e c t u r e r  wi th  l i t t l e  i n t e ra c t io n .  A c co r d i n g  t o  M un d a la m o  ( 20 07 )  
l e a rn in g  b y r o t e  a n d  a c c e p t i n g  k now l ed ge  a s  r e c e i ved  f rom  t h e  
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t e a ch e r  a r i s es  som e  o f  t he  a t t i t ude s  t h a t  m a y b e  de t r i me n t a l  t o  
s tu d en t s ’  su c c es s .   
Ba n ya  ( 2 0 0 5)  r e ga rd  c h emi s t r y a s  a  hu m an  en d e av ou r  t ha t  r e l i e s  on  
b a s i c  q u a l i t i e s  l i ke  c r e a t iv i t y ,  s k ep t i c i sm ,  r e a so n in g  a n d  t h i nk i n g  
s k i l l s  w h i ch  a r e  r a r e l y  a c q u i r ed  us in g  t h e  t r a d i t i o n a l  m e th od  o f  
t e a ch in g  a nd  l e a rn in g .   
 
T h e  c ho i c e  o f  t h e  m os t  ap p ro pr i a t e  t ea c h in g  m et ho d  fo r  a  p a r t i cu l a r  
l e s s on  w i l l  d e p en d  o n  m a n y t h i n gs  am on g  th em  a re  t he  
d e v e l opm e n t a l  l ev e l  o f  t h e  s tu d en t s ,  t h e i r  p r i o r  k no wl e dge ,  a t t i t ud e ,  
t h e  s ub j ec t  m a t t e r ,  c o n t e n t ,  t h e  n um be r  o f  s t ud e n t s  i n  a  c l a s s  a nd  
a v a i l ab i l i t y  o f  r e s ou r c e s .  Th e  co ns t r uc t i v i s t  v i ew  o f  l e a rn in g  h a s  an  
i mp or t an t  co ns e que n c e  fo r  t h e  de v e l op me n t  o f  n e w  t e a c h i n g  a nd  
l e a rn in g  a p pr o a che s  t h a t  f o cu se s  on  s t ud e n t ’ s  un d ers t an d in g  o f  
s c i e n c e  ra th e r  t h an  t h e  r e c a l l  o f  f a c t s  a n d  fo rm ul as  ( Du i t  &  C on f r e y,  
1 9 96 ) .  In  t h e  con s t r uc t iv i s t ’  m e t ho d  th e  l e a rn e r  c r e a t e  t h e i r  
k n ow le d ge  i n  s ea rc h  o f  m e an in g  a nd  un de r s t an d i n g  us in g  p r io r  
k n ow le d ge .  A cc o rd in g  t o  t h e  co ns t ru c t i v i s t  t h eo r y  k n ow l ed ge  
w i t ho u t  un d er s t a nd i n g  i s  l im i t ed ,  t oo  o f t e n  fo r go t t en ,  c an n o t  r e ad i l y  
b e  r e t r i e v ed  wh e n  n e e d ed ,  b e co m es  qu i ck l y o u t  o f  d a t e  a n d  c an  o n l y 
b e  ap p l i e d  i n  t h e  l im i t ed  co n t ex t  i n  wh i ch  i t  w a s  l e a r n ed .  
 
In  t h e  s t ud y o f  M u w an ga - Za k e  (20 0 8)  on  b l ac k  Sou th  A f r i ca n  
s tu d en t s ,  l an gu a ge  w a s  r ev e a l e d  as  a n o t h er  f a c t o r  t h a t  a f f e c t e d  
s tu d en t s ’  l e a rn in g  o u t com e s .  M uw a nga - Za k e ,  ga v e  a n  ex a mpl e  o f  
s c i e n t i f i c  wo rd s  su c h  a s  en e r g y,  p o w e r  a nd  f o rc e  w h ic h  h ave  
d i f f e r en t  m ea n i n g  in  s c i en c e  b u t  a r e  ex p r es se d  in  on e  w or d  i n  m an y 
A f r i ca n  l a n gu a ges .  In  s u c h  c as es  Muw a n ga - Za k e ,  s a ys  t h a t  m a j o r i t y  
o f  s t ud e n t s  w i l l  r ev e r t  t o  m em o r i z i n g  t h e  d e f in i t i on s  o f  t h es e  t e r ms  
w i t ho u t  c omp r e h en d i n g  th e i r  m ea n in g .  T h e  p r ob l e m  o f  us in g  a  
s e c on d  l a n gu a ge  i n  t e ac h i n g  wa s  a l so  o bs e r v ed  o n  f i r s t  ye a r  m e d i ca l  
s t u d en t s  b y G i l l e t  a n d  Ba yo u n i  ( 19 98)  i n  t h e  Un i t ed  A ra b  Em i r a t es  
s tu d en t s .   
 
H o fs t e in  an d  Lu n e t t a  a s  c i t e d  i n  H o fs t e in  an d  Lu n e t t a  (2 00 3)  
r e p o r t ed  t h a t  f o r  ov e r  a  c e n t u r y s c i en c e  ed u c a to r s  h av e  o bs e rv e d  a  
r i ch  b e ne f i t  i n  l e a rn in g  t h a t  a c c r u e d  f r om  us in g  l a bo r a t o r y 
a c t i v i t i e s .  To b in  c i t e d  i n  H of s t e i n  a nd  Lu n e t t a  ( 20 03 )  s a i d  t h a t  t he  
e f f e c t iv e n ess  o f  t ea c h in g  a n d  l e a rn i ng  i n  t h e  s c i en c e  l ab o r a to r y i s  
p os s i b l e  i f  s t u d en t s  a r e  g i v en  th e  o pp or tu n i t i e s  t o  m an i p u l a t e  
e q u i pm en t  an d  m at e r i a l s  i n  an  e nv i r o nm en t  s u i t a b l e  fo r  t h em  to  
c o ns t r u c t  t h e i r  kn o wl ed ge  o f  ph e no m en a  a nd  r e l a t ed  s c i e n t i f i c  
c o n c ep t s .  S u ch  op p or tu n i t i e s  a r e  h o w ev e r  v e r y r a r e  i n  s c ho o l  
s c i e n c e .  Th e  e f f e c t  o f  ch em is t r y d e m on s t r a t i on s  wa s  sh o wn  in  t h e  
p a p e r  p re s en t e d  b y E r l i s  an d  Sub r am a n i am  (2 00 4 )  t o  fo s t e r  
c o n c ep t u a l  u nd e r s t a nd i n g  e sp e c i a l l y  a mo n g  s tu d en t s  w i t h  l ow 
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l i n gu i s t i c  i n t e l l i ge n c e  a nd  w a s  t h e r e fo r e  r e co mm en d ed  to  b e  us e d  as  
a  v e h i c l e  t o  p r omo t e  t h i nk i n g  s k i l l s  a m o n g  s t ud en t s .  M ok go ko n g 
( 2 00 6 )  ha s  ex p la ine d  t h a t  t h e  p ro b l em  o f  c h emi s t r y  p r a c t i c a l s  i n  
S ou t h  A f r i c an  sc hoo l s  i n  G au t en g  i s  t h e  l a c k  o f  a n  i n s t ru m en t  t h a t  
w i l l  d e t e rmi n e  s tu d en t s ’  v i e ws  o f  t h e  be n e f i t  an d  p r ob l em s  o f  
c h e mis t r y p r a c t i ca l s .  K a ya  ( 2 0 0 5 )  h a s  s u gge s t e d  t h a t  t h e  b es t  
l a bo r a t o r y s t yl e  s h o u ld  p rom ot es  t he  s p e c i f i c  l e a rn i ng  o u t com es  
s u ch  a s  c on c ep tu a l  u n d er s t a nd i n g ,  r e t e n t io n  o f  co n t en t  k n ow le d ge ,  
s c i e n t i f i c  r e as on ing  s k i l l s ,  h i gh e r -o rd e r  co gn i t i on ,  b e t t e r  a t t i t ud e s  
t o wa r d  s c i en c e  a nd  l a bo r a t o r y m a n ip u l a t i v e  s k i l l s .  Exp os i t o r y o r  
v e r i f i c a t i o n  ap pr oa c h e s  i n  t he  l a bo ra t o r y o n  th e  o th e r  h a nd  o n l y 
a l l o w  t h e  s tu d en t  t o  b e  a b l e  t o  f o l l o w d i r e c t i on s  a t  a  p r ed e t e r min e d  
o u t c om e  i n  o r d e r  t o  i l l u s t r a t e  a n  im po r t a n t  r e a c t i on  o r  v e r i f y  a  
p r in c i p l e .  S tu d en t s  w h o  d o  n o t  h av e  a  c l e a r  u nd e rs t and in g  o f  t h e  
u n de r l yi n g  p r in c i p l e s  o f  t h e  m e th od  o f  v e r i f i c a t i on ,  u n f o r t un a t e l y,  
w i l l  n o t  a dv an c e  t o  h i gh er  l ev e l s  o f  b e in g  a b l e  t o  i n t e r p r e t  t h e  
r e s u l t s  o r  n o t i c e  i r r e gu l a r i t i e s  i n  t h e i r  r e s u l t s .    
 
A s se s s me n t  i s  a n  i n t e g r a l  p a r t  o f  l e a rn in g  th a t  sh ou l d  b e  d e s i gn ed  in  
s u ch  a  wa y t h a t  w i l l  r e i n fo r c e  t h e  p r om ot i on  o f  t r a ns f e r ra b l e  sk i l l s .  
A c c o rd in g  to  Sh an k a r  e t  a l .  ( 20 03)  i t  i s  i mp o r t an t  f o r  m ed i c a l  
s t u d en t s  t o  d ev e lo p  a m on g  o t h e r  t h in gs  t r a ns f e r ab l e  sk i l l s  w h i ch  a re  
n o t  on l y i m p o r t an t  i n  u nd e r g r a du a te  m e d i c a l  e du c a t i on  b u t  a l so  f o r  
c o n t i nu e d  l e a r n in g .  M a r to n  a nd  S a l j o  c i t e d  i n  T an  1 99 2 ,  c l a im  th a t  
a s s es s m en t  t h a t  em ph a s i z es  t h e  a cqu i s i t i on  a nd  r e c a l l i n g  o f  f ac t s  
i nd u c e  su r f a c e  ap p ro a c h  a nd  r o t e  l e a rn in g  w h i ch  d o es  no t  
n e c e s s a r i l y  i m p l y u n de r s t an d i n g .  Sh an k a r  e t  a l .  (2 00 3)  b e l i ev e  t h a t  
u n de r s t an d i n g  as  a  c om po n en t  o f  l ea r n i n g  ou tc om e s  i s  d i s p l a ye d  
w h e n  s t ud e n t s  a r e  a b l e  t o  r e l a t e  an  i d e a  wi t h  a  f am i l i a r  c o nc e p t  o r  
a r e  a b l e  t o  as s imi l a t e  i n fo rm at io n  in  a  m an n er  t h a t  w i l l  m a k e  i t  
e f f i c i en t .  P r o gr es s i on  th ro u gh  t he  s t a ges  o f  b e i n g  ab l e  t o  us e  
a c q u i r ed  kn o wl ed ge  s ho u l d  b e  r ev e a l e d  i n  t h e  t yp e  o f  q u es t i o ns  
a s k ed  ( H a i l i k a r i ,  N e v g i ,  &  Li n d b l om - Yl an n e  2 00 7 ) .  T h e  Bl oo m ’s  
c o gn i t i v e  t ax o nom y i s  t h e  c l a s s i f i c a t i on  o f  kn o wl e d ge  in  a  
h i e r a r c h i c a l  w a y i n to  l ev e l s .  Th e  t axo n om y i s  s u ch  t ha t  t h e  h i gh e r  
k n ow le d ge  l ev e l  sub su m es  th e  l ow e r  kn o wl ed ge  l e v e l .  
 
U s i n g  th i s  t ax o nom y i n  t h e  e v a l ua t io n  o f  s t ud e n t s  c ou l d  r ev e a l  t h e  
k n ow le d ge  b a s e  o f  s tu d en t s .   
 
2 . 3 . 1 . 2  S t ud e n t s ’  At t i t u d es  
 
T h e r e  a r e  m an y s t ud i es  i n  t h e  e du c a t io n  s ys t em  t h a t  h a ve  a s s o c i a t ed  
p o or  p e r fo r ma n c e  o f  s tu d en t s  wi th  t he i r  n e ga t iv e  a t t i t ud e s .  R uss e l l  
a n d  Ho l l an d e r  a s  c i t e d  i n  Ro ge r s  a nd  Fo r d  ( 19 97 )  a s s e r t  t h a t  “ t he  
l i k e l ih oo d  o f  s tu den t s  pu t t i n g  h i s  kn ow l ed ge  t o  us e  i s  i n f l ue n c ed  b y  
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h i s  a t t i t u de  f o r  o r  a ga i n s t  t h e  su b j ec t .  S i mp so n  an d  Ol iv e r  (1 99 0)  
s t a t ed  t h a t  a  p os i t i v e  co mmi t m en t  t o  s c i e n c e  wh i ch  i n f lu e n c es  
l i f e lo n g  in t e r e s t  an d  l e a r n i n g  o f  s c i e n c e  i s  m os t l y  d u e  t o  p os i t i ve  
a t t i t ud e  t o  s c i e n ce .  
 
2 . 3 . 2  C la s s i f i ca t i on  o f  Le a r n in g  O u t co m es  
 
2 . 3 . 2 . 1  B lo om ’s  Cogn i t i v e  T ax o no m y 
 
T h e  w e l l  kn o wn  t ax o nom y o f  e du c a t io n a l  o b j e c t i v es  w as  fo rm ul a t e d  
b y Be n j a mi n  Bl oom  a nd  h i s  a s s o c i a t e s  i n  t h e  1 95 0 ’s .  Th e  t ax on om y 
f o c us es  o n  t h r ee  t ax o nom ie s ,  c o gn i t i ve ,  a f f e c t i v e  a nd  psyc h o m ot o r .   
T h e  co gn i t i v e  t ax on om y c o n s i s t s  o f  s ix  k in ds  o f  l ea r n in g  t h a t  a r e  
a r r a n ge d  i n  a  h i e ra r c h i c a l  o rd e r .  T h i s  t ax o nom y i s  h en c e  wi d e l y  
u s ed  to  as s es s  t h e  p r o gr es s i on  o f  l ea r n i n g  ou t com e s  f r o m  n ov i ce  
l e v e l  t o  ex pe r t  l e v e l .   
  
B l o om ’s  co gn i t i ve  t ax o nom y h a s  b e en  t he  m os t  un iv e r s a l l y  a p p l i e d  
c l as s i f i c a t i o n  o f  h i ghe r  o r d e r  t h in k i n g  (A ks e l a ,  2 00 3 ) .  The  
T ax o no m y i s  a  k now l ed ge  b as e  d om ain  i n c r ea s i n g  i n  d i f f i cu l t y  f r o m 
k n ow le d ge  t o  ev a lu a t io n .  E a c h  l e v e l  i n  t h e  t ax on om y e n c om pa ss e d  
t ho s e  b e lo w  i t ,  t he  a b i l i t y  t o  a n a l yz e  i n f o r m at i on  w i l l  o n l y o c c u r  
a f t e r  t he  a b i l i t y  t o  a p p l y a n d  u n d e rs t an d  a cq u i r ed  kno w le d ge  h ad  
b e e n  a c com pl i s hed .  S tu d en t s  wh o  a r e  a b l e  t o  app l y  a c q u i r e d  
k n ow le d ge  a r e  t he r e f o r e  as su m ed  to  h a v e  a n  u nd e rs t an d i n g  o f  t h e  
c o n c ep t .  
 
In  t h e  e du c a t io n a l  s ys t e m  t h e  t ax o nom y i s  w id e l y u s e d  t o  o r gan iz e  
o b j e c t iv es  a c co r d in g  t o  l ev e l s  o f  ex p e r t i s e .  Bl oo m’s  C o gn i t i v e  
T ax o no m y h a s  s in ce  b e e n  co nd en s ed ,  ex p an d ed  a nd  r e i n t e r p r e t e d  in  
a  v a r i e t y  o f  wa ys  ( Fo r e h an d ,  2 00 5 ) .  
 
2 . 3 . 2 . 2  An d er so n ’  R e v i s e d  C o gn i t i v e  T ax o no m y   
 
B l o om ’s  t ax o nom y w a s  r ev i s i t e d  b y  A n d er so n  an d  h i s  a s s oc i a t es  
d u r i n g  th e  1 99 0 ’s  i n  o r de r  t o  ex am in e  i t s  f u tu r e  r e l e va n c e .  In  
A n d er so n ’s  R e v i se d  Co gn i t i v e  T ax o nom y t h e r e  a re  a l s o  s ix    
c o gn i t i v e  p r o ce s se s ;  f r om  kn o wing ,  u n d er s t a nd i n g ,  a p p l yi n g ,  
a n a l yz i n g ,  e v a lu a t in g  to  c r e a t i n g .  Th e  c h an ge s  m a de  on  th e  o r i g i n a l  
B l o om ’s  T ax o nomy a r e  i n  t h r e e  b r o a d  c a t e go r i e s :  t e r mi no lo g y,  
s t ru c t u re  a n d  em ph a s i s .   In  T a b l e  2 . 1  t h e  d i f f e r en c e  b e tw e e n  t h e  
o r i g i n a l  t ax on om y a n d  th e  r e v i s e d  t axo n om y a r e  i l l u s t r a t e d .   
 
•  T e r min o l o g y c h a n ge s  
E a c h  c o gn i t i v e  l eve l  i n  t h e  o r i g i n a l  t ax on om y i s  a s soc i a t e d  wi t h  
c e r t a i n  l e a rn in g  o u t c om es  ex pr e s s e d  as  v e r bs  su c h  a s  n am e ,  d e f in e ,  
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i n t e rp r e t ,  c a l c u l a t e ,  ex p l a in  o r  c r i t i qu e .  In  t he  o r i g in a l  t ax on om y 
c a t e go r i es  f o r  t h e se  l e a rn in g  o u t co mes  w e r e  ch a n ged  f r om  no un s  t o  
v e r bs .  T h e  l ow e s t  l e v e l  o f  t h e  o r i g i na l  t ax o no m y w a s  c h a n ge d  f r om 
k n ow le d ge  t o  b e com e  re m emb e r i n g ,  w h i l e  c omp r e h en s io n  an d  c r e a t e  
w e r e  n am ed  u nde r s t a nd in g  a n d  c r e a t i n g .  A nd e r so n’ s  Re v i sed  
C o gn i t i v e  T ax on om y h a s  n o w  p l a c ed  c r e a t e  a s  t h e  l a s t  a n d  h i gh es t  
l e v e l  o f  l ea r n i n g  th e i r  a r gu me n t  i s  t h a t  ev a l u a t i on  i s  a  s t ep  w h i ch  
p r e c ed e s  a n y ge n e r a t i v e  p ro c es s  su c h  a s  c re a t in g .  
•  St r u c tu r a l  ch a n ges  
T h e  o r i g in a l  t ax on om y w a s  o n e  d im e ns i on a l  wh i l e  t h e  r e v i se d  
t ax o nom y i s  n ow  tw o  d im e ns i on a l .  Th e  kn o wl ed ge  d i m en s i on  i s  t he  
f i r s t  d im e ns i on  wh i c h  d es c r i b es  t h e  kn o wl ed ge  to  be  l e a r n e d  w h i l e  
t h e  s e c on d  d im en s i on  i s  t h e  c o gn i t i v e  d i m ens io n  wh i ch  id e n t i f i e s  
t h e  p r o c es s  us ed  t o  l e a r n .   
 
T a b l e  2 . 1  Th e  Di f fe r e n c e  b e tw e e n  Blo om ’ s  O r i g i n a l  T ax o nom y a n d  
A n d er so n ’s  R ev i s ed  Tax o n om y a n d  t he i r  Le v e l s  
  
 
T h i nk in g  S k i l l s  Le v e l s  
 
Le v e l s  o f  B lo om’ s  
O r i g in a l  C o gn i t i v e  
T ax o no m y 
 
 
Le v e l s  o f  
A n d er so n ’s  Re v i s ed  
C o gn i t i v e  T ax on omy  
 
Lo w e r  o r d e r  t h i nk in g  
 
K n ow l ed ge  
 
R em e mb e r i n g  
 
 
Lo w e r  o r d e r  t h i nk in g  
 
C om pr e h en s io n  
 
U n d er s t a nd i n g  
 
 
H i gh e r  o rd e r  t h i nk in g  
 
A p p l i c a t i o n  
 
A p p l i n g  
 
 
H i gh e r  o rd e r  t h i nk in g  
 
A n a l ys i s  
 
A n a l yz i n g  
 
 
H i gh e r  o rd e r  t h i nk in g  
 
S yn t h es i s  
 
E v a l u a t i on  
 
 
H i gh e r  o rd e r  t h i nk in g  
 
E v a l u a t i on  
 
 
C r e a t i n g  
 
•  C h an ge s  i n  emp h as i s  
C om pa r e d  wi t h  t he  o r i g in a l  t ax o nom y,  t h e  r ev i s ed  t ax on om y h a s  
t a k en  f a c to r s  s u ch  as  s tu d en t s ’  de v e lo pm en t  a nd  l e a r n i n g  and  
t e a ch e r s ’  p l a nn in g ,  t e a ch in g  a n d  as s es s in g  i n t o  co ns id e r a t i on .  
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E mp h as i s  o f  t h e  r ev i s e d  t ax o nom y i s  o n  s t ud en t– o r i en t ed ,  l ea r n i n g  
b a s ed ,  ex p l i c i t  an d  as s es sa b l e  s t a t em e n t s  i n t en de d  c o gn i t i ve  
o u t c om es .  T h e  p r i ma r y go a l  o f  t he  r e v i s io n  w a s  t o  ma k e  th e  
t ax o nom y t o  b e  a p p l i c a b l e  a c ro s s  a l l  ed uc a t io n a l  l e v e l s  f ro m 
e l em e n t a r y l e v e l  t o  t e r t i a r y  l e v e l  and  i s  t h e r e fo r e  d es ign e d  f o r  a  
m u ch  b r oa d e r  au d i en c e .   
 
2 . 3 . 2 . 3  H a i l i k a r i ,  N e v g i ,  &  Li ndb lo m- Yl a nn e  (2 007 )  M od i f i ed  
T ax o no m y o f  p r i o r  k n ow le d ge  
 
H a i l i k a r i ,  N ev g i ,  &  Li n db lom - Yl a nne  ( 20 07 )  co ns t r u c t e d  a  p r i o r  
k n ow le d ge  a s s e s sme n t  m od e l  i n s t ru m en t  b a s ed  on  th e  mod e l  o f  p r io r  
k n ow le d ge  i n fe r r ed  f ro m Blo om ’s  r e v i se d  t ax on omy,  D o c h y’ s  
s tu d i es  o n  th e  e d u c a t i on a l - ps yc h o l o g ic a l  d im e ns i on  o f  p r i o r  
k n ow le d ge  a nd  B i gg’ s  t h e o r y  o f  s t ru c t u r a l l y  d e v e l op i n g  
u n de r s t an d i n g .  W hi l e  t he  r e v i s ed  B lo om ’ s  t ax o nom y p r e s e n t s  t h e  
k in d  o f  k no wl e d ge  to  b e  l e a r n ed  an d  t he  c o gn i t i v e  p r o c es s ,  t he  
d e v e l op ed  m od e l  ( F i gu r e  1 )  p r es en t s  t h r e e  l a ye r s :  t h e  k in d  o f  
k n ow le d ge  t o  b e  l e a r n ed ,  t h e i r  i nd i c a to r s  a s  w e l l  a s  t h e i r  
c l a s s i f i c a t i o n .  Ha i l i k a r i ,  N ev g i ,  &  Li n d b lo m- Yl a nn e  (2 00 7 )  b e l i e ve  
t h a t  t h e  mo d e l  wi l l  b e  ab l e  t o  d i s t i n gu i s h  b e t w e en  s tu d en t s  who  
h a v e  a c h i ev e d  th e  h i gh es t  l e v e l  o f  p ro c e du r a l  k no wl e d ge  f r om th os e  




D e c l a r a t i v e  k no wl ed ge  
 
 
P ro c e du r a l  k no wl ed ge  
 
K n ow l ed ge  
C om po ne n t s  
 
 
K n ow l ed ge  
o f  
Fa c t s  
 
K n ow l ed ge  
o f  
M e a n in g  
 
In t e g r a t i on  
o f  
K n ow l ed ge  
 
A p p l i c a t i o n  
o f  
K n ow l ed ge  
 
 




R e co gn iz in g ,  




D e f in i n g ,  
r e p r od uc in g ,  
understanding 




their i n t e r -
r e l a t i on s ,  
classifying, and 
comparing 
P ro b l em  





                                  Ap p l yi n g  
                                _ _ _ _ _ _ _ _ _ _ _ _
C o gn i t i v e            U nd e rs t an d in g  
 
        
P ro c e s s   
            K no wi n g 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   
            
Fi g ur e  1  H ai l ika r i ’ s  M odi f i e d  R e v i s ed  B l oo m’ s  T ax ono my  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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In  t h i s  mo d e l ,  d e c l a r a t i v e  k no wl e d ge  i s  d i v id e d  i n to  kno w le d ge  o f  
f a c t s  a nd  m e a n in g  w h ic h  a re  a s s es s ed  u s i n g  t a sk s  b as e d  o n  s tu d en t ’ s  
a b i l i t y  t o  r e c o gn iz e ,  r e c a l l  an d  r ep r o du c e  p r io r  kn o wl e d ge .  T he  
p r o c ed ur a l  k no wl ed ge  o n  th e  o t h e r  ha n d  i s  d i v id e d  i n t o  i n t e g r a t i on  
a n d  ap p l i c a t i o n  o f  k n ow le d ge .  Un de r s t a nd i n g  i s  t h e  l owe s t  l ev e l  i n  
t h i s  c o mp on en t  a nd  w i l l  b e  c ha r a c t e r i z ed  b y t h e  a b i l i t y  o f  a  s tu d en t  
t o  s e e  t he  i n t e r re l a t i o ns  b e tw e e n  c o n c ep t s  an d  h ow  d i f f e ren t  
p h en om e na  a r e  l i n k ed  to  e a ch  o t he r .  Th e  h i gh es t  l e v e l  w i l l  be  
c h a r a c t e r i z ed  b y s tu d en t ’ s  ab i l i t y  t o  a pp l y k n o w l edge  a n d  t o  
p e r f o r m p ro b l em  s o l v i n g  t a s ks  (H a i l i k a r i ,  N e v gi ,  &  Li n d b l om -
Y l an n e  20 07 ) .  
 
2 . 3 . 3   K n ow l ed ge  C a t e go r i e s  
 
A l l  f ou r  k no wl e d ge  c a t e go r i e s  l i s t e d  i n  t h e  H a i l i ka r i ,  N e v g i ,  & 
Li n d b lom - Yl a nn e  (2 0 07 )  mo d i f i ed  r ev i s e d  Bl oo m ’s  T ax o nom y a r e  
n e c e s s a r y i n  t h e  l ea r n i n g  p r o c es s .   
 
Fa c t ua l  kn ow l edg e  i s  k no wl e d ge  o f  f ac t s  an d  kn o wl ed ge  o f  m e an in g  
w h ic h  i s  l a r ge l y b a s e d  on  m em o r i z a t io n  o f  f a c t s  an d  p roc e d u re s .  In  
c h e mis t r y t h i s  kn ow l ed ge  b a se  i s  p r ob e d  wi t h  s i mpl e  r ec o gn i t i on  o r  
r e p r od uc t io n  t a s ks  s u ch  as  l i s t i n g  t h e  e l em e n t s  i n  t h e  p e r i od i c  t a b l e  
o r  n ami n g  o f  c omp o un ds .  In  t h i s  ca t e go r y f o r m a l  k no w le d ge  i s  
r e q u i r ed  b e fo r e  i n t e r re l a t i on sh i ps  o f  c o n c ep t s  (A n d er so n  & 
K r a th wo h l  a s  c i t ed  i n  A ks e l a ,  20 05 ) .    
 
C on c ep tu a l  know le d ge  i s  a  m o re  c o mpl ex ,  o r ga n iz ed  fo r m o f  
k n ow le d ge  co mp one n t  t h a t  r eq u i r es  an  a b i l i t y  t o  u nd e rs t an d  m e an in g  
o f  c on c e p t s  a nd  h ow  d i f f e r en t  f ac t s  a r e  r e l a t ed  t o  e a c h  o th e r .  T h er e  
a r e  t h r ee  s ub t yp e s  i n  t h i s  c a t e go ry  a c c o r d in g  t o  An d e rs on  a nd  
K r a th wo h l  a s  c i t ed  i n  Ak se l a ,  2 00 5 :  ( a )  kn ow l ed ge  o f  c l a s s i f i c a t i on  
a n d  c a t e go r i es ,  (b )  k n ow l ed ge  o f  p r inc i p l es  a nd  ge n e r a l i z a t i on s  an d  
( c )  k no wl e d ge  o f  t h eo r i e s ,  m od e l s  an d  s t ru c t u re s .  T he  k n ow le d ge  
b a s e  i n  t h i s  ca t e gor y i s  p r ob ed  wi th  q u es t io ns  r eq u i r i n g  s tu de n t s  t o  
i n t e rp r e t ,  i n f e r  o r  su mm a r i z e  a  g iv en  co n c ep t .   
 
Pr o c e du ra l  k now le d ge  i s  t h e  k no wl ed ge  o f  “ ho w  t o  do  s om et h in g”  
a n d  th e r e f o r e  i nc l ud es  k no wl e d ge  o f  s k i l l s  a n d  a l go r i t h ms ,  
t e c hn i qu e s  a nd  m eth o ds  p ro c e du r es ,  a s  w e l l  a s  k no wl e d ge  o f  c r i t e r i a  
u s ed  t o  d e t e rm in e  a n d /o r  j u s t i f y  w h e n  t o  d o  w h a t  w i th in  sp e c i f i c  
d om ai ns  a nd  d i s c ip l i ne s .  T yn j ä l ä ,  (1 9 99 )  d e f i n e  t h i s  k n ow le d ge  
c a t e go r y a s  ex pe r t i s e  p r a c t i c a l  kn ow le d ge  w h i ch  m an i fes t s  i t s e l f  a s  
s k i l l s  o f  “ kn o win g  h o w ” .   Q u e s t i on s  r e q u i r i n g  s t ud e n t s  t o  c a r r y o u t ,  
j ud ge  o r  c r i t i q u e  a  p r o c ed ur e ,  t e c hn iq u e  o r  c on c ep t  a r e  u s ed  to  
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p r ob e  t h i s  k no wl ed ge  b a s e  ( A nd e rs on  a nd  K r a t hw oh l  a s  c i t ed  i n  
A k s e l a ,  2 00 5 ) .    
 
M e t a  –  co gn i t i v e  i s  d e f in e d  a s  kn o wl ed ge  a bo u t  co gn i t i on  in  
ge n e r a l  a s  w e l l  a s  k n ow le d ge  o f  o n e ’ s  o w n  co gn i t i on .  I t  i s  t h e r e f o r e  
n o t  su b j e c t  s p e c i f i c  ( An d er so n  & Kr a th w oh l  a s  c i t e d  i n  A ks e l a ,  
2 0 05 ) .    
 
2 . 3 . 4   C o gn i t i v e  P r o c es s  C a t e go r i e s  a nd  th e i r  In d i c a t o r s  
 
R e me mb e r  i s  t h e  f i r s t  s t ep  o f  cogn i t i v e  g r o wt h  i n  t h e  r ev i s ed  
t ax o nom y.  B y r e m e m b er in g  o n e  h as  t o  r e t r i ev e  r e l e va n t  kn o wl ed ge  
f r om  th e  l o n g  t e rm  m emo r y.   “ W h at  i s  t h e  s ym b o l  o f  t i n? ”  i s  an  
ex a mpl e  o f  a  ch em is t r y q u e s t io n  req u i r i n g  a  s t ud e n t  t o  r ec a l l  t h e  
s ym b o l  u se d  fo r  t he  n a m e  o f  a n  e l eme n t  t i n .  R em em b er  i s  a  p r o c es s  
c a t e go r y  u s e d  t o  p r om ot e  r e t en t i on  o f  p r es e n t ed  m at e r i a l .  A t  t h i s  
l e v e l  s t ud e n t s  a r e  r e q u i r ed  t o  ex h ib i t  s k i l l s  t o  r e c a l l ,  i d e n t i f y ,  
d e f i n e ,  s e l e c t ,  l i s t ,  s t a t e   o r  m a tc h  in f o r m at i on  (A n d er so n  & 
K r a th wo h l  a s  c i t ed  i n  A ks e l a ,  20 05 ) .   
 
U nd e rs ta nd  i s  d e f i n ed  a s  c on s t ru c t in g  m e a n in g  f r om  in s t r uc t io na l  
i n fo rm at io n  i n  t h e  f o rm  o f  o r a l ,  w r i t t e n  o r  g r a p h i c  co mm un ic a t io n .  
“ i n t e rp r e t  t h e  f o l l o w in g  ex p er im en t a l  d a t a ”  i s  a  q u es t i o n  r e qu i r i n g  
s tu d en t s  t o  ex p la i n  t h e  r e l a t i o ns h ip  o f  c on c e p t s  t o  e m pi r i c a l  
e v id e nc e .  In  o r de r  f o r  t h e  s t ud en t  t o  us e  t h i s  p a r t i c u l a r  sk i l l  a nd  no t  
r e c o gn iz in g  o r  r e ca l l i n g  sk i l l s ,  i n fo rm at io n  g i v en  i n  t he  t a s k  mu s t  
b e  n e w.  T h e  k e y w o r ds  t h a t  c a n  be  u s e d  t o  ch a r a c t e r i z e  t h i s  s k i l l  
l e v e l  a r e :  d e r iv e ,  ex p l a i n ,  i l l u s t r a t e ,  i n t e rp r e t ,  r ep h r as e  o r  
s um ma r i z e  (A nd e rso n  & K r a t hw oh l  a s  c i t e d  i n  A ks e l a ,  200 5 ) .    
 
A ppl y  i s  t h e  f i r s t  h i gh er  o rd e r  t h in k in g  s k i l l  r eq u i r i n g  a  s t ud e n t  t o  
c o mpl e t e  o r  u s e  a  p r o c ed ur e  f r om  o ne  s i t u a t i on  t o  an o th e r .  Ap p l y,  
c o ns i s t  o f  t wo  cogn i t i v e  p r oc e s s e s :  ex e cu t in g  -  w h en  a  t a s k  i s  
f a mi l i a r  –  an d  im pl em e n t i n g -  wh e n  a  t a sk  i s  u n f a mi l i a r .  A  q u es t ion  
s u ch  a s  “ f r om  yo u r  e v e r yd a y  e x pe r i e nc e s ,  u s e  t wo  ex ampl e s  t o  sh o w 
t h e  e f f e c t  o f  t em pe r a tu r e  o n  th e  r a t e  o f  r e a c t io n . ”   T he  k e yw o r ds  
t h a t  d i s t i n gu i sh  t h i s  s k i l l  l ev e l  a re :  ap p l y,  c h oo s e ,  s ho w,  us e ,  
c l a s s i f y  o r  e m p loy  ( A n d e r so n  & K r a th w oh l  a s  c i t e d  i n  A ks e l a ,  
2 0 05 ) .    
 
A na ly z e  i s  t h e  s e co n d  h i gh e r  o rd e r  t h in k i n g  s k i l l  w h i ch  i s  a c h i ev e d  
a s  a  r e s u l t  o f  d r aw i n g  r e as on a b l e  co n c l us i on  b a s ed  on  e m pi r i c a l  
e v id e nc e .  A  q u es t io n  su c h  as  “ wh a t  ca n  yo u  d e d u ce  f r om  th e  g i ven  
r e s u l t s ? ”  i s  a n  ex am pl e  o f  a  qu e s t i on  r e q u i r i n g  a  s tu d en t  t o  a n a l yz e  
t h e  r es u l t s  a nd  c om e  u p  wi t h  t h e i r  v i ew  b a s ed  o n  dom ai n  sp e c i f i c  
k n ow le d ge .  Th e  k eyw o r d s  f o r  t h i s  l ev e l  i n c l ud e :  a n a l yz e ,  d e du c e ,  
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d e t e r min e ,  d e t e c t  o r  i n f e r  ( A nd e rso n  & K r a t h wo h l  a s  c i t e d  i n  
A k s e l a ,  2 00 5 ) .    
 
E va lua t e  i s  t h e  t h i rd  h i gh e r  o r d e r  t h i nk in g  s k i l l  wh i ch  m e ans  
m a k in g  j u d gme n t s  b a s e d  on  c r i t e r i a  a n d /o r  s t a nd a rd s .  A  q u e s t ion  
s u ch  a s  “ ju s t i f y  t h e  f o l l ow in g  r e s u l t s ”  i s  a n  ex amp l e  o f  t h i s  t yp e  o f  
k n ow le d ge .  T h e  v e r b s  as s o c i a t e d  w i th  t h i s  l e v e l  i n c lu de  t o :  a r gu e ,  
j ud ge ,  a s s es s ,  j u s t i f y ,  d e c i d e  o r  a pp r a i s e .  (A nd e rs on  & Kr a th w oh l  i n  
A k s e l a ,  20 05 ) .  A  qu e s t i on  su c h  a s  “wh a t  i s  w ro n g  wi th  t h i s  n am e  1 -
p r op a no n e? ”  i s  an  ex a mpl e  o f  a  q u es t i o n  in  t h i s  c a t e go r y.  
 
C r e a t e  i s  t h e  l a s t  h i ghe r  o rd e r  s k i l l  w h i ch  r e qu i r e  o n e  t o  pu t  
c o n c ep t s  t o ge th e r  t o  fo r m  a  no v e l ,  c o h e re n t  f un c t io n a l  w ho l e  o r  
r e o r ga n iz i n g  p a r t s  i n t o  a  n e w  p a t t e r n .  Th i s  l e v e l  u se s  p r ev i ou s  
k n ow le d ge  t o  d e v e l op  a  s o l u t i on ,  p rod u c t  o r  p ro pos a l  fo r  on es e l f .  
T h e  l e a rn i n g  ou t c om e s  a s s oc i a t ed  wi th  t h i s  kn o wl ed ge  in c lu d e  to :  
d e s i gn ,  c r e a t e ,  p re d i c t ,  p r od uc e ,  p ro p os e  o r  i nv e n t  (A n d er so n  & 
K r a th wo h l  a s  c i t ed  i n  A ks e l a ,  20 05 ) .  
 
A c h i e v i n g  th e  l e a rn in g  o u t c om es  in  t h e  l e a rn i n g  p ro c e s s  l i nk s  t he  
s tu d en t  a c t i v i t i e s  t o  t he  i n t e nd e d  l ea r n i n g  ou t com e s .  In  t h i s  w a y 
f e e d ba c k  f rom  th e  s tu d en t s  i s  o b t a i n ed  to  d e t e rmi n e  t h e  s u c c es s  o f  
t h e  l e a r n in g  p ro c es s .  
 
T a b l e  2 . 2  Th e  kno w le d ge  d i me ns ion s  an d  t h e  co gn i t i v e  p r o ce s s  
d im en s i on s   
 
T h e  
K n ow l ed ge  
D im e ns i on  
T h e  Co gn i t i ve  P ro ce s s  Di me ns io n  
R em e mb e r  U n d er s t a nd  A p p l y  A n a l yz e  E v a l u a t e  C r e a t e  
Fa c t u a l  
K n ow l ed ge  R em e mb e r            
C on c ep tu a l  
K n ow l ed ge  R em e mb e r  U n d er s t a nd         
P ro c e du r a l  
K n ow l ed ge  R em e mb e r  U n d er s t a nd  A p p l y  A n a l yz e      
M e ta -
c o gn i t i v e  
K n ow l ed ge  R em e mb e r  U n d er s t a nd  A p p l y  A n a l yz e  E v a l u a t e  C r e a t e  
   
2 . 3 . 5   K n ow l ed ge  an d  un de r s t a nd in g  
 
K n ow l ed ge  p ro du c t i on  i n  s c i e nc e  i s  an  on go in g  p ro c es s  t h a t  u su a l l y  
h a pp e ns  g r a d u a l l y  o c c a s i on a l l y  w h e n  n e w  kn ow l ed ge  r e p l a c e s  t he  
d om in an t  v i e w.  In  t h e  ed u ca t i on  s ys t em ,  t e ac h i n g  an d  l e a rn in g  a r e  
u s ed  t o  a cq u i r e  kn o wl ed ge .  A c c o rd in g  t o  c o ns t r u c t i v i s m  du r i n g  
 23 
l e a rn in g  s t ud e n t s  sh o u ld  co ns t r u c t  t he i r  o wn  kn ow l ed ge  b y t e s t i n g  
t h e i r  o wn  i d e as  and  a pp r oa c h es  wh i ch  a r e  b a se d  o n  th e i r  p r e v io us  
k n ow le d ge  a nd  ex p e r i e n c es  ap p l yi n g  t h i s  t o  n ew  s i t ua t i on s  and  
i n t e g r a t i n g  th e  n e w  k no wl e d ge  t o  p r e - ex i s t i n g  i n t e l l e c tua l  
c o ns t r u c t s .  F rom  t h i s  ph i l o so ph y o n e  ca n  co n c l ud e  t ha t  kno w le d ge  i s  
v a lu a b l e  i n  l e a r n in g .  H a v in g  k n ow le d ge  i s  o f t e n  c o nf u s ed  wi th  
u n de r s t an d i n g .    
 
K v a nv i g ,  2 00 3  as  c i t ed  i n  P r i t ch a rd ,  ( un pu b l i sh e d)  a r gu e s  t h a t  
u n de r s t an d i n g  i s  an  e p i s t emi c  s t a nd in g  t ha t  i s  c l os e l y  r e l a t ed  t o  
k n ow le d ge ,  bu t  i t  i s  un de r s t an d i n g  wh i c h  i s  d i s t i n c t i v e l y  v a l u ab l e  i n  
a  l e a r n in g  e x p e r i e n c e .  Kv a nv i g  d i s t i n gu i s h es  kn o wle d ge  f r om 
u n de r s t an d i n g  b y r e a s on i n g  th a t :  “ und e r s t an d i n g ,  un l ik e  k no wl e d ge  
a d mi t s  t o  d e g r e es ”  t h a t  i s ;  o n e  c an  ha v e  an  u nd e rs t an d in g  w i th ou t  
k n ow in g ,  wh i l e  w i t h  k no wl e d ge  i f  on e  do e s  n o t  k no w  h e  do e s  no t  
k n ow .  K v an v i g  a l so  be l i e f s  t h a t  u n de r s t an d i n g  i s  i mmu n e  to  
e p i s t e mi c  l u c k  wh i l e  w i th  kn ow l ed ge  o ne  c an  kno w  t h ro u gh  
gu e s s i n g .  A cc o rd ing  t o  B l o om,  E n ge l ha r t ,  Fu r s t ,  H i l l  a n d  K r a t hw oh l  
( 1 95 6 )  a  so l id  u n de r s t an d i n g  o f  p r i nc ip l e s  e n ab l e s  on e  to  
c o mp r eh e nd  s c i en t i f i c  t e r ms  a nd  to  c o n f i d en t l y  a p p l y  k n ow l ed ge  
ga i n e d  in  o n e  s e t t i n g  to  an o t he r  s e t t i n g  a nd  t o  m ak e  i n fo rm e d  
j ud gm en t  a bo u t  n ew  d i s c ov e r i e s .  
 
2 . 3 . 6   A s se s s me n t  o f  Le a r n in g  O u t co me s  
 
A s se s s me n t  i s  a  ve r y i m po r t a n t  a spe c t  o f  t e ac h i n g  an d  l e a r n i n g  
w h ic h  i s  r e l a t e d  t o  t h e  a ch i e v em en t  o f  t h e  l ea r n i ng  o u t co mes  
( H o l b ro ok ,  2 00 5 ) .  In  t h e  e d u c a t i on  sys t e m ,  as s es s m en t  i s  u s ed  a s  a  
s t r a t e g y t h a t  h e l ps  i n  t h e  e va lu a t io n  o f  s t ud e n t s ’  l e a r n i n g  p r o ce s s  
( R i c h ar ds ,  2 00 1 ) .  D i f f e r e n t  a s s es s m en t s  a r e  av a i l a b l e  fo r  c o l l e c t i n g  
e v id e nc e  th a t  l e a r n i n g  h as  t ak en  p l a ce .  O bs e rv a t io n– b ase d  m eth o d ,  
t e s t– b as e d  me th od ,  t a s k -b as e d  o r  p e r fo r ma n c e -b as e d  a s  w e l l  a s  s e l f ,  
p e e r  a nd  g r o up  a s se s sm en t  an d  t e s t -  ba s e d  as s es s m en t  a re  e x a mpl e s .  
A c c o rd in g  t o  V an  D e r  H o rs t  an d  M c D o n a l d  a s  c i t e d  i n  R i c h ards  
2 0 01 ,  k no wl ed ge ,  b e h av io r ,  p e r f o rm an c e  v a lu e s  o r  a t t i t u d es  c a n  b e  
m e as u r ed  b y  a s s es sm e n t .  H a i l i k a r i ,  N e v g i ,  &  Li n d b l om - Yl an ne  
( 2 00 7 )  r e com m en de d  t ha t  d i f f e r en t  t yp e s  o f  a s s e s sm en t  m e th ods  
s ho u l d  b e  as s es se d  f o r  d i f f e r en t  t yp e s  o f  k no wl e d ge .     
 
T h e r e  a re  s ev e r a l  s t u d i es  q uo t e d  Sc a l i s e ,  C l a es ge ns ,  K r ys t yn i a k ,  
M e b an e ,  W i l so n ,  an d  S t a c y ( 2 0 0 3)     w h i ch  r ev e a l e d  t ha t  mu c h  o f  
t h e  c h emi s t r y c o n t e n t  i s  cu r r en t l y  b e in g  t a u gh t  an d  a s s es s e d  in  
t e rm s  o f  f a c t s  a nd  a l go r i t hm  an d  p roc e d u ra l  kn o wl ed ge  w i th  l i t t l e  
e m ph as i s  o n  co nc e p tu a l  u nd e r s t and in g .  S h an ka r  e t  a l .  (2 00 5)  
r e c om m en de d  th a t  i n  l ea r n in g ,  s t u d en t s  sh ou l d  d ev e lo p  t r a n s f e r a b l e  
s k i l l s  w h i ch  a r e  i mp or t an t ,  no t  o n l y i n  u n d er g r a d ua t e  m ed i c a l  
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e d u c a t i on  b u t  a l s o  f o r  c on t in u ed  l e a rn in g  th ro u gho u t  t he i r  m ed i c a l  
c a r e e r .  Fo r  s t ud e n t s  t o  h a v e  t r an s fe r ab l e  s k i l l s  i t  w i l l  r e q u i r e  t h a t  
t h e y s h o u ld  p r o gr es s  f ro m th e  no v i c e  l ev e l  o f  u nd e rs t a nd in g  to  t h e  
g r a d u a t e  an d  ex p e r t  l ev e l s  o f  b e i n g  inn o va t iv e .   
 
T h e r e  i s ,  c u r r e n t l y ,  u n f o r tu n a t e l y  n o  ge n e r a l  w e l l  d es i gn ed  
a s s es s m en t  i n s t r um e n t  a v a i l a b l e  fo r  i d e n t i f yi n g  ga p s  i n  s tu d en t s ’  
u n de r s t an d i n g .  M os t  qu es t i ons  i n  Adv a n c ed  P l a c em en t  Ex am s  l i k e  
B i o l o g y A d v a n c ed  P l ac e me n t  Ex a m  p r iv i l e ge s  t he  r e t e n t i on  o f  
k n ow le d ge  w i t h  l i t t l e  em ph a s i s  o r  n o  c on c e p tu a l  und e r s t an d i ng  
( K l ym k o w sk y,  G a rv in - Dox as  an d  Ze i l i k ,  20 03 ) .  S t a nd ar d i z e d  t e s t s  
t h a t  ex i s t  a r e  d es ign e d  t o  d i s t i n gu i sh  pe r f o r m an c e  o f  o n e  s t ud e n t  
f r om  an o t h er  s tu de n t  t h an  t o  a s s es s  s tu d en t ’ s  un d ers t an d in g  o f  
c o n c ep t s  ( Kl ym k o w s k y,  G a r v in - Dox as  a nd  Ze i l i k ,  2 00 3  a n d  S c a l i s e  
e t  a l . ,  2 00 3 ) .   
 
E d uc a t io n a l  s t ud i es  o f  p r io r  k no wl e d ge  in  l e a rn i n g  an d  pe r f o rm an c e   
e m ph as i z e  t he  im po r t a n c e  o f  p r i o r  u nd e r s t an d i n g  in  t h e  c o ns t r u c t i on  
o f  n ew  un d er s t a nd in g  ( H a i l i k a r i ,  N evg i ,  &  Li n d b l om -Y la n n e  2 00 7 ) .  
Li t e r a t u r e  i n  t h e  e d u c a t io n  s ys t e m  d i s t i n gu i sh e d  d e c l a r a t i ve  
k n ow le d ge  f rom  c on c e p t ua l  k no wl ed ge  a n d  th e i r  com po ne n t s .  Us in g  
t h i s  d i s t i n c t io n  i t  i s  a s su me d  th a t  d i f f e r e n t  t yp e s  o f  kn ow l ed ge  wi l l  
b e  m e asu r e d  u s ing  d i f f e r en t  t yp e s  o f  t a sk s .  H a i l i k a r i ,  N e v gi ,  &  
Li n d b lom - Yl a nn e  ( 2 00 7 )  us e d  d i f f e r e n t  a s s es sm en t  m e as u r es  t o  
a s s es s  d i f f e r en t  t yp e s  o f  kn ow l ed ge  a n d  a  m od e l  t h a t  d i s t i n gu i sh es  
b e tw e e n  th es e  t yp e s  o f  k no wl e d ge .  In  t h e i r  s t u d y t h e y  d i s c ov e r ed  
t h a t  no t  a l l  t yp e s  o f  p r i o r  kn o wl ed ge  i n f l ue nc e s  s t ud en t  
a c h i e v em e n t .  
 
C r i t i c a l  t h i n k in g  s k i l l s  a r e  on  t he  h igh e r  l e v e l  o f  h i e r a r c h y i n  t he  
c o gn i t i v e  t ax o nomy o f  e d u c a t io n  a nd  s h ou ld  t h e r e fo r e  b e  a s s e s s e d  
u s i n g  a pp ro p r i a t e  q u es t i o ns .  C as t l e  ( 2 00 6 )  r e c omm en ds  th a t  i n  
a s s es s in g  t h es e  sk i l l s ,  q u es t i o ns  s ho u l d  m ov e  f r om  a sk in g  s t ud en t s  
t o  de s c r ib e  a nd  ex p l a in  t o  as k in g  t h em  to  d i s cu ss  a nd  ev a lu a t e .  Th e  
r e s u l t s  o f  t h e  s t udy  o f  H a i l i k a r i ,  N evg i ,  &  Li n db l om - Yla n n e  ( 20 07 )  
r e v e a l e d  th a t  s t ud e n t s  wh o  p e r fo rm  w el l  i n  t h e  p r o c ed ur a l  
k n ow le d ge  t a sk s  wh i ch  a r e  o n  a  r e l a t i v e l y h i gh e r  l ev e l  a r e  l i k e l y t o  
ge t  b e t t e r  f i n a l  g r a d e s .  T h e  r esu l t s  fu r t h e r  r e v e a l ed  th a t :  fo r  
s tu d en t s  t ak in g  a n  o b l i ga t o r y c o u r s e ,  p e r f o r ma n c e  in  a pp l i c a t i o n  o f  
k n ow le d ge  t a sk s  w a s  a  s t ro n ge r  p r e d i c to r  o f  f i n a l  g r a d e  th a n  
p e r f o r ma n c e  in  i n t e g r a t i o n  o f  k no wle d ge  t a s ks .  Fo r  s tu d en t s  wh o  
t oo k  th e  c o ur s e  vo lu n t a r i l y  p e r f o rm a nc e  in  i n t e g r a t i on  o f  k no wl ed ge  
t a sk s  w as  t h e  on l y  v a r i a b l e  p r ed i c t i n g  f i n a l  g r a d e s .  T he  i mpl i ca t i on  
o f  t h es e  r es u l t s ,  a cc o r d in g  t o  Ha i l i k a r i ,  Ne v g i ,  &  Li n d b lo m -Y la n ne  
( 2 00 7 ) ,  i s  t h a t  s t ud e n t s  w ho  a r e  ab l e  t o  su c c e ed  i n  t a sks  i n  a  l o w er  
c o gn i t i v e  l e v e l  wi l l  a l s o  po ss es s  t h ese  s k i l l s  a t  t h e  b e g i nn in g  o f  a  
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n e w  co u rs e .  S tu de n t s ’  p e r fo rm a n ce  i s  u s ua l l y  m e a su r e d  b y a n  
a c h i e v em e n t  t e s t  u s in g  d i f f e r en t  f o rm at s .  S ix  t yp e s  o f  a s s es s m en t  
m et ho ds  t h a t  h a ve  b e en  i d en t i f i ed  f r om  p r e v io us  s t ud i e s  a r e :  
m u l t i p l e  c ho i c e  t e s t s ,  o p en  q ue s t i ons ,  a s so c i a t i on  t e s t ,  r e c o gn i t i on  
t e s t ,  f r e e  r e c a l l  a nd  s e l f  a s s es sm e n t .   
 
T a b l e  2 .3  A d a p t e d  f r o m A n d e r s o n  L .  W .   &  K r a t h w o h l  D .  R .   ( e d s ) .  A  
T a x o n o m y  f o r  L e a r n i n g ,  T e a c h i n g  a n d  A s s e s s i n g  ( b a s e d  o n  B l o o m’ s  
T a x o n o my ) ,  2 0 0 1 .   
 
 Ta xon o my D ef in i t i on  R e la t ed  L ea rn ing  V e r bs  W ha t  th e  
S tud en t  
D o e s  
 
R e m e m b e r  R e c a l l   
s p e c i f i c  b i t s  
o f  
i n f o r m a t i o n  
T e l l ,  l i s t ,  n a m e ,  r e p e a t ,  
i d e n t i f y ,  s t a t e ,  s e l e c t ,  m a t c h ,  
k n o w ,  l o c a t e ,  r e p o r t ,  o b s e r v e ,  
c h o o s e ,  w h o ,  w h a t ,  w h e r e ,  
w h e n ,  c i t e ,  d e f i n e ,  i n d i c a t e ,  
l a b e l ,  m e m o r i z e ,  o u t l i n e ,  r e l a t e ,   
R e s p o n d s  
a b s o r b s  
r e m e m b e r s  
r e c o g n i z e s  
 
U n d e r s t a n d  C o n s t r u c t  
m e a n i n g  
f r o m  
i n f o r m a t i o n  
E x p l a i n ,  r e s t a t e ,  f i n d ,  d e s c r i b e ,  
c l a r i f y ,  i l l u s t r a t e ,  d i a g r a m ,  
o u t l i n e ,  s u m m a r i z e ,  i n t e r p r e t ,   
p a r a p h r a s e ,  t r a n s f o r m ,  c o m p a r e  
s i m i l a r i t i e s  a n d  d i f f e r e n c e s ,  
d e r i v e  m a i n  i d e a ,  a r r a n g e ,  
c o n v e r t ,  g i v e  e x a m p l e s  
E x p l a i n s  
t r a n s l a t e s  
d e m o n s t r a t e s  
i n t e r p r e t s  
s u m m a r i z e s  
 
A p p l y  U s e  
m e t h o d s ,  
c o n c e p t s ,  
p r i n c i p l e s ,  
a n d  t h e o r i e s  
i n  n e w  
s i t u a t i o n s  
A p p l y ,  e m p l o y ,  s o l v e ,  u s e ,  
d e m o n s t r a t e ,  i l l u s t r a t e ,  s h o w ,  
r e p o r t ,  d r a w ,  c o l l e c t ,   c l a s s i f y ,  
c h a n g e ,  c o m p u t e ,  c o n s t r u c t ,  
i n t e r p r e t ,  i n v e s t i g a t e ,  
m a n i p u l a t e ,  m o d i f y ,  o r g a n i z e ,  
p r e d i c t ,  p r e p a r e  a n d  p r o d u c e ,  
S o l v e s  n o v e l  
p r o b l e m s  
d e m o n s t r a t e s  
u s e s  
k n o w l e d g e  
c o n s t r u c t s  
 
A n a l y z e  I d e n t i f y  h o w  
p a r t s  r e l a t e  
t o  o n e  
a n o t h e r  o r  
t o  a  l a r g e r  
s t r u c t u r e / p u
r p o s e  
A n a l y z e ,  d i s s e c t ,  d e t e c t ,  
t e s t , d i s c r i m i n a t e ,  d i s t i n g u i s h ,  
e x a m i n e ,  f o c u s ,  f i n d  c o h e r e n c e ,  
s u r v e y ,  c o m p a r e ,  c o n t r a s t ,  
s o l v e , c l a s s i f y ,  o u t l i n e ,  s e p a r a t e ,  
s t r u c t u r e ,  c a t e g o r i z e ,  d e t e r m i n e  
e v i d e n c e  c o n c l u s i o n s ,  a p p r a i s e   
D i s c u s s e s  
u n c o v e r s  
l i s t s  
d i s s e c t s  
c o m p a r e s  a n d  
c o n t r a s t s  
 
E v a l u a t e  J u d g e  t h e  
v a l u e  o f  
s o m e t h i n g  
b a s e d  o n  
c r i t e r i a ,  
p r o c e s s e s ,  
o r  s t a n d a r d s  
C o o r d i n a t e ,  j u d g e ,  
s e l e c t / c h o o s e ,  d e c i d e ,  d e b a t e ,  
e v a l u a t e ,  j u s t i f y ,  v e r i f y ,  
m o n i t o r ,  m e a s u r e ,  w h a t  w o r k e d ,  
w h a t  c o u l d  h a v e  b e e n  d i f f e r e n t ,  
w h a t  i s  y o u r  o p i n i o n ,  t e s t ,  
a s s e s s ,  c o m p a r e ,  e x p l a i n  
J u d g e s  
d i s p u t e s  
f o r m s  
o p i n i o n s  
G e n e r a t e  a  
c o h e r e n t  
f u n c t i o n a l  
w h o l e ;  
r e c o g n i z e  
n e w  p a t t e r n s  
C r e a t e  C r e a t e ,  d e s i g n ,  c o n s t r u c t ,  
i n v e n t ,  i m a g i n e ,  p r e s e n t ,  
d e d u c e ,  i n d u c e ,  b r i n g  t o g e t h e r ,   
p r e d i c t ,  o r g a n i z e ,  p l a n ,  m o d i f y ,  
i m p r o v e ,  s u p p o s e ,  p r o d u c e ,  s e t  
u p ,  w h a t  i f ,  p r o p o s e ,  a r r a n g e  
G e n e r a t e s  
h y p o t h e s i z e  
d e s i g n   
p r o d u c e   
c o n s t r u c t  
a r g u e s  
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S e l f  a s s e s sm e n t  an d  f r e e  r e c a l l  m e th o ds  h av e  b e e n  c r i t i c i z ed  b y,  
D o c h y e t  a l .  i n  H a i l i k a r i ,  N ev g i ,  &  Li n db lo m- Yl a nne  ( 20 07 )  as  
m et ho ds  o f  a s s es s in g  k no wl e d ge  b e ca u s e  o f  t h e i r  i n f lue n c e  o f  t he  
s ub j ec t ’  v e r b a l  a b i l i t i e s  w h i l e  t h e  o t h e r  f o u r  a s s es sm en t  m et ho ds  a r e  
r e ga r d e d  as  b e in g  f a i r l y  v a l id  a nd  o b j e c t iv e  w a ys  o f  a s s es s i n g  
k n ow le d ge .  Na ss e r  ( 2 00 1 )  a l s o  s t a t ed  l i t e r a t u re  a r gu me n t s  o f  t he  
v i ab i l i t y  o f  m ul t i p l e  ch o i c e  an d  s ho r t  op e n  e nd e d  q ue s t io ns  wh en  
a s s es s in g  h i gh er  o r d e r  kn ow l ed ge  s k i l l s .  H o we v e r ,  h e  qu o t e d  s om e 
a u th o r s  wh o  b e l i ev e  t h a t  w h en  ad eq u a t e l y c o n s t r u c t ed  th e s e  t e s t  
f o rm a t s  c a n  b e  a b l e  t o  a s s es s  s t ud en t s  kn o wle d ge ,  t h e i r  
u n de r s t an d i n g  an d  t h e i r  a b i l i t y  t o  u s e  a n d  a pp l y k n o wl ed ge  ga i n ed .  
A  s t a t e m en t  m ad e  b y P a l me r  a nd  De v i t t  ( 20 07 )  i s  t ha t :  “ A  w el l  
c o ns t r u c t ed  m ul t i p l e  c h o i c e  qu es t io n  w i l l  b e  un a mbi guo us ,  c l e a r l y  
s e t  t o  a  d e f i n ed  s t a n d a rd  an d  ea s y t o  m a rk  bu t  mo r e  o f t e n  t h an  no t  
t e s t s  l i t t l e  m o re  t ha n  r e c a l l  o f  f a c t s . ”  O p en  q u es t io n  m et ho d  mi gh t  
t e s t  h i gh e r  o r de r  co gn i t i v e  s k i l l s  bu t  a r e  o f t e n  t im e  con su mi n g  t o  
m a rk  a nd  r i s k  co ns id e r ab l e  v a r i a t i on  i n  s t a nd a rd s  o f  m a rk i n g  
( P a lm e r  & D ev i t t ,  2 0 07 ) .  
 
In  P a l m er  a nd  D ev i t t  ( 20 07 )  m od i f i e d  e s s a y q u e s t io ns  fo r  s umm at iv e  
a s s es s m en t  o f  un de r g r a d u a t e  m e d i c a l  s t u d en t s  w e r e  emp lo ye d  a n d  
t h e  d i s co v e r y w a s  t h a t  m od i f i ed  e s s ay  q u e s t i on s  w er e  no t  ad e qu a t e  
i n  as s e s s i n g  h i ghe r  c o gn i t i v e  s k i l l s  w h er e a s  mu l t i p l e  c ho i ce  
q u es t io ns  i n  m os t  c a s es  w e r e  a b l e  t o  t e s t  h i gh e r  o r de r  t h in k in g  
s k i l l s .  In  a s s e s sm en t  o f  a  p a r t i c u l a r  k n ow le d ge  b as e  A n d e r s o n  a n d  
K r a t h w o h l  ( 2 0 0 1 )  r e c o mm en d  th e  u s e  o f  v a r i ou s  v e rb s  a s s o c i a t ed  
w i t h  t h e  t yp e  o f  a s s es sm en t  a s  a  gu id e ,  T a b l e  2 .3 .  S om e  o f  t h es e  
v e r bs  a r e  sp e c i f i c  t o  a  p a r t i cu l a r  c a t e go r y w h i l e  t h e  us e  o f  o t he r  
v e r bs  w i l l  d e pe n d  o n  th e  s t r u c tu r e  o f  t h e  qu e s t i on .    
 
2 .4  Conclus ion  
 
T h i s  ch a p t e r  p r es en t ed  a  t h eo r e t i c a l  f r a m e wo rk  a im ed  a t  c o nn e c t in g  
t h e  c u r r e n t  k no wle d ge  o f  a t t i t ud e s  o f  s tu de n t s  t o w ard s  s c i en c e /  
c h e mis t r y a n d  t h e i r  l e a rn i n g  o u t co mes  a nd  th e  e f fe c t s  o f  s tu de n t s ’  
a t t i t ud es  o n  t he i r  l e a rn in g  o u t c om es .  R e s ea r c h  f i n d i n gs  i n d i c a t ed  
t h a t  a t t i t ud e s  o f  s tu d en t s  a r e  i n f l ue n c e d  b y m a n y f a c t o r s  w h ich  
c o u l d  ha v e  a n  i n f lu e n c e  on  th e i r  l e a r n in g  o u t c om es .  Ot h er  s tu d i es  
r e v e a l e d  th a t  t h e  wa y s t u d en t s  a cq u i r e  k no wl e d ge  wi l l  d e t e rm in e  t he  
t yp e  o f  kn o wl ed ge  t h e y h a v e  w h i c h  w i l l  h av e  a n  in f l u en c e  on  bo th  
t h e i r  cu r r en t  an d  fu tu r e  l e a r n in g .  M os t  s tu d i es  h av e  r ev e a l e d  th a t  
l a c k  o f  un d er s t a nd in g  o f  fu nd am e n t a l  c h e mis t r y c o n c e p t s  c a n  l e ad  t o  
p o or  p e r fo rm a n c e  i n  su bs e qu en t  c our s e s  wi t h  t h e  r e su l t  o f  h i gh  
f a i l u re  r a t e  o f t e n  a c c om p an i ed  b y n e ga t iv e  a t t i t ud e s .  In  t h i s  s t ud y 
t h e  a i m  w as  t o  i n v es t i ga t e  t h e  e f f e c t s  o f  a t t i t u d e  o f  me d ic a l  s t ud e n t s  
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a t  a  H i ghe r  Ed u ca t i on  In s t i t u t i o n  in  G a u t e n g  (So u t h  A f r i c a )  t o w a rds  
t h e i r  l e a r n in g  ou tc o m es  us in g  th e  m od e l  o f  Ha i l i k a r i ,  N ev g i ,  &  
Li n d b lom - Yl a nn e  (2 0 07 ) .  In  t h e  n ex t  c h a p t e r  t h e  r es e a rc h  m et ho ds  
f o l l o w e d  in  c o l l e c t i n g ,  a n a l yz i n g  a nd  p r es e n t i n g  th e  f i nd in gs  a r e  



































Research Methods  
 
3 .1  In t roduct ion   
 
In f o r m a t i on  ab ou t  t h e  a t t i t ud e s  a nd  l e a r n i n g  o u t c om es  o f  s tu de n t s  
t o wa r d  a  pa r t i cu l a r  e n t i t y  h a s  b ee n  ga th e r ed  us i ng  d i f f e r en t  
s t r a t e g i e s  i n  m a n y l e a r n in g  i n s t i t u t i o ns .  Th i s  c ha p t e r  w i l l  ex p l a i n  
t h e  d ev e l op me n t  o f  i n s t rum e n t s  u s ed  to  as se s s  t he  a t t i t u de s  a nd  
l e a rn in g  ou t com e s  o f  Un i v e r s i t y  o f  Li m p op o  m ed i c a l  s t u de n t s  a t  
M e du ns a  c amp us .  T h e  r e s e a r c h  d es i gn ,  s am pl e  adm in i s t r a t i on  o f  t h e  
i n s t r um en t  a nd  da t a  co l l e c t i on  m et ho ds  wi l l  a l so  be  o u t l i n ed .  
R e l i ab i l i t y  a n d  v a l id i t y  a s  w e l l  a s  t h e  s t a t i s t i c a l  an a l ys i s  m e t ho ds  t o  
b e  u s ed  w i l l  a l s o  fo r m pa r t  o f  t h i s  cha p t e r .  
    
3 .2  Design of  the  s tudy  
 
T h e  a im  o f  t h i s  s t u d y w a s  t o  as s es s  t he  a t t i t ud e s  an d  l e a rn in g  
o u t c om es  o f  f i r s t  ye a r  m e d i c a l  s t ud en t s  t o w a rd s  ch em is t r y a n d  t he  
r e l a t i on sh ip  b e t w ee n  a t t i t u de s  o f  s tu d en t s  t o w ar ds  c he mi s t r y  a n d  
t h e i r  l e a rn i n g  ou tc o m es  i n  c h emi s t ry .  In  t h e  s t ud y t h e  t yp e  o f  
k n ow le d ge  t h a t  t h e  s t ud e n t s  h a v e  a c qu i re d  d u r in g  th e  ye a r  wi l l  be  
c o r r e l a t e d  wi th  t h e  a t t i t u de s  t h a t  h a v e  d e v e lo pe d  a lo n g  th e  t e a ch in g  
a n d  l e a rn i n g  p r o ce s s .  Th e  d e s i gn  o f  t h i s  r e s e a r ch  i s  t h e r e f o re  
r e t ro sp e c t iv e  ex  pos t  f a c t o - c o r r e l a t i ona l .  
 
3 .3  Study Sample  
 
T h e  s am pl e  c on s i s t e d  o f  1 03  m ed i ca l  s t u d en t s  i n  a  c h e mis t r y  I  c l a s s  
a t  a  Hi gh e r  Ed uca t i on  In s t i t u t i on  in  G a u t en g  ( So u t h  A f r i ca ) .  A  
c o nv e n i en t  s am pl in g  m et ho d  w a s  u s ed  i n  t h i s  s t u d y.  T h i s  
m et ho do lo g i c a l  d ec i s io n  w a s  t ak en  d u e  to  t h e  a c c e s s ib i l i t y  o f  t h e  
p a r t i c ip a n t s .  T h er e  w e r e  48  (4 6 . 6 %)  f e m al es  an d  5 5  (53 . 4% )  m al es  
i n  t h e  s am pl e .   
 
3 .4  Data  Col lect ion  Methods 
 
3 . 4 . 1  In s t ru m en t s  
 
A  c h e mis t r y a t t i t ud e  q u es t io nn a i r e  w a s  us e d  a s  an  i n s t rum e n t  t o  
c o l l e c t  b o t h  t h e  qua l i t a t i v e  a nd  qu a n t i t a t i ve  d a t a  fo r  t h e  a s s es s m en t  
o f  a t t i t u d es  o f  s tu d en t s  t o w a rd s  che mi s t r y.  Q u a l i t a t i v e  r e s e a r ch  
t e c hn i qu e  i s  u s u a l ly  e m p l o ye d  i n  o r d er  t o  ex p l o i t  t h e  r i ch n es s  o f  t h e  
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p os s i b l e  r es e a r ch  f i nd i n gs  w h i l e  qu an t i t a t i v e  t e ch n i qu e  i s  u se d  to  
p r ov id e  s t a t i s t i ca l  d es c r i p t i on s ,  r e l a t i on sh ip s ,  an d  ex p l a n a t i ons  
( M c Mi l l a n  &  S c hum a c he r ,  20 01 ) .  The  a dd i t i on  o f  q u a l i t a t i ve  da t a  
w a s  t h e r e f o r e  a im e d  a t  i mp r ov i n g  t h e  ab i l i t y  t o  i n t e r p r e t  t h e  
q u an t i t a t i v e  f i nd i ngs  p a r t i cu l a r l y  s in c e  t h e r e  w a s  no  c o n cu r r en t  
c o n t ro l  g r o up  o f  s t ud e n t s  wi t h  w h i ch  t o  c om pa r e .  Qu a l i t a t i v e  a nd  
q u an t i t a t i v e  d a t a  w e r e  c o l l e c t e d  c on c u r re n t l y  a n d  w er e  t h e r e fo r e  
u s ed  t o  v a l i d a t e  qu a n t i t a t i v e  d a t a .  Th e  o p en - e nd ed  q u es t io ns  w er e  
a n a l yz e d  b y n o t in g  t h e  mo s t  f r e qu en t  s t a t e me n t s  f rom  th e  s tu de n t s ’  
r e s po ns es .  R a t i n gs  o n  t he  c h emi s t r y  a t t i t u d e  q u es t io nn a i r e  w e re  
u s ed  f o r  t h e  q u an t i t a t i v e  an a l ys i s .  R a t in gs  o f  i n d iv idu a l  s t ud e n t s  
w e r e  s um me d  t o  p ro d uc e  t o t a l  a t t i t ude  s co r e  o f  i nd iv i dua l  s t u d en t s .  
A n  ex a mi na t i on  p ap e r  d ev e l op e d  b y t h e  r es e a r ch e r  an d  th e  s t ud en t s ’  
l e c t u r e r  w a s  us e d  t o  o b t a i n  t h e  s co r e s  o f  s tu de n t s  i n  b o t h  t he  
d e c l a r a t i v e  kn o wl e d ge  qu e s t i on s  a n d  p ro c e du r a l  k n o wl ed ge  
q u es t io ns .  T h e  r es e a r ch e r  w as  p e r so n a l l y  i n v o l ve d  in  t h e  d a t a  
c o l l e c t i on  p r o ce s s .  
 
 3 .4 .1 .1   D e v e lo pm en t  o f  t he  i n s t rum e n t  t o  m ea s u r e  a t t i t ud es  o f    
   m ed i c a l  s t u d en t s .   
 
A  Ch em is t r y A t t i t u d e  Q u es t io nn a i r e  ( CA Q )  w a s  d ev e lo p ed  b y t h e  
r e s e a r ch e r  b y a d o p t in g  som e  s t a t e m e n t s  f r om  v a r io us  a t t i t ud e  
q u es t io nn a i r e s  su ch  a s  t h os e  i n  C ho i  &  C h o  ( 2 00 2)  a n d  S h an k a r  e t  
a l .  ( 20 05 ) .  Th i s  wa s  do n e  in  o rd e r  t o  m ak e  t h e  qu e s t i on n a i r e  t o  be  
s u i t a b l e  fo r  t h e  t yp e  o f  s t ud e n t s  i n  t h i s  s t ud y.  T h e  q ue s t io nn a i r e  
c o ns i s t e d  o f  t h r e e  s e c t io ns ,  t h e  f i r s t  s e c t i o n  r e qu i r e d  de m o gr ap h i c  
b a c k gr ou nd  o f  s t ude n t s  su c h  as  ge n d er  a n d  r a c e .  In f o r ma t i on  a b ou t  
t h e  r a c e  o f  s tu de n t s  w i l l  n o t  b e  us ed  s i nc e  m os t  s t ud en t s  d id  no t  
s p e c i f y  t h e i r  r a c e .  T h i s  s ho u ld  b e  un d e rs t a nd a b l e  c on s i d e r in g  t he  
h i s t o r y  o f  o u r  c ou n t r y.  A  s t a t em e n t  a sk in g  s tu d en t s  a b ou t  t h e i r  
a t t i t ud e  t ow a r d  c he mi s t r y a t  h i gh  s ch o o l  w a s  a l s o  i n c lu d ed  in  t he  
f i r s t  s e c t i on .  S tu de n t s  r esp o nd ed  t o  t h i s  qu es t i o n  b y  i nd i c a t in g  
w h e t h e r  t he y l i k e d  c h e mis t r y,  w e r e  n e u t r a l  t ow a r ds  i t  o r  h a t ed  i t  i n  
h i gh  s ch oo l .     
 
T h e  s e co nd  p a r t  o f  t h e  q u es t io nn a i r e  c o ns i s t e d  o f  fo r t y ,  f i v e -p o in t  
Li k e r t  t yp e  s c a l e  s t a t em e n t s .  T h e  s t a t em e n t s  i n  t h e  C AQ  w e r e  b a s ed  
o n  th e  co gn i t i v e ,  a s  w e l l  a s  t h e  a f f e c t iv e  com po n en t s  o f  a t t i t u d e  i n  
v a r yi n g  p r op or t i ons .  So m e s t a t em e n t s  r eq u i r ed  s tu d en t s ’  op i n i ons  
r e ga r d in g  t h e  t e a c h i n g  a n d  l e a rn in g  o f  c h e mi s t r y.  S t a t eme n t s  i n  t h e  
q u es t io nn a i r e  w e re  r a n do ml y o r d e r e d .  In  r e s p on d in g  t o  t h e  
s t a t em en t s  s tu d en t s  w e r e  a sk e d  to  r e ad  e a c h  s t a t em en t  ca r e f u l l y  a n d  
m a rk  th e  d e g r e e  t o  w h ic h  t h e y a g r e e  o r  d i s a g r e e  u s i n g  t he  f o l l o wi n g  
k e ys :  1 -s t ron g l y  d i sa g re e ,  2 -d i sa g r ee ,  3 - n eut r a l ,  4 -a gr e e  and  5 -
s t r ong ly  ag r e e .  Bo t h  p os i t i ve  a nd  n e ga t i v e  s t a t em e n t s  w e re  
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i n c lu d ed  i n  t h e  qu e s t i on n a i r e .  Th e  u s e  o f  p os i t i v e  an d  n e ga t i ve  
s t a t em en t s  w as  t o  t r y  t o  e n co u r age  p a r t i c i p an t s  t o  r e a d  th e  
s t a t em en t s  c a r e f u l ly  r a t h e r  t h an  s impl y t i ck in g  th e  s ame  r e sp on se  
f o r  e a ch  s t a t em en t .  Th e  t o t a l  s co r e  w as  c a l cu l a t ed  f o r  e a ch  
i nd iv i du a l  r e sp on de n t  b y s u mmi n g  up  th e i r  r a t i n gs .  The  v a l u es  o f  
t h e  r e sp on se s  f o r  n e ga t i v e  s t a t em en t s  w er e  r ev e r s e d  i n  o rd e r  t o  
m ai n t a i n  u n i f i e d  d i r e c t i on  on  t h e  s c a l e .  P os i t i v e  a t t i t u d e  o f  s tu d en t s  
i s  r e f l e c t e d  b y h i gh  sc o r es  an d  n e ga t iv e  a t t i t ud e  b y l o w s c o r es .  Th e  
m ax im um  s co r e  t ha t  c o u ld  b e  a t t a i ne d  w a s  20 0  a nd  th e  mi n i mum 
s c o r e  w as  4 0 .   
 
T o  a l l o w  f o r  t h e  sp r e a d  o f  o p in io n  i t  w as  de c id e d  to  d e v i se  f ou r  
c a t e go r i es  t h a t  su mm a r i z ed  th e  d eg r e e  o f  f i r s t  ye a r  s t ud e n t s ’  
a t t i t ud es  t ow a rd s  ch e mis t r y.  S t ud e n t s  w i th  s co r es  o f  o ve r  1 8 0  w er e  
d e e me d  t o  h a v e  th e  mo s t  po s i t i v e  a t t i t ud es  ( a t  l e as t  h a l f  o f  t h e  
s t a t em en t s  w e r e  s co r e d  5  a nd  th e  o t he r  h a l f  4 ) .  S tu d en t s  w i t h  s c o re s  
f r om  14 0  t o  1 80  we r e  d e em e d  to  h ave  a  m od e r a t e  p os i t i v e  a t t i t u de  
( a t  l e a s t  ha l f  o f  t he  s t a t em e n t s  w e r e  s c o r ed  4  an d  t h e  o t h e r  h a l f  3 ) .  
S t ud e n t s  wi t h  s co r e s  f r om  10 0  to  1 4 0  w er e  d e em e d  t o  h a ve  a  
m od e r a t e  n e ga t i ve  a t t i t u d e  ( a t  l e as t  h a l f  o f  t he  s t a t em e n t s  w er e  
s c o r ed  3  a nd  t h e  o th e r  h a l f  2 ) .  S tu d en t s  w i th  s co r es  f rom  60  t o  1 00  
w e r e  d e em ed  to  ha v e  mo s t  n e ga t i v e  a t t i t ud e  ( a t  l e a s t  h a l f  o f  t he  
s t a t em en t s  w e r e  s co r e d  2  a nd  th e  o th e r  h a l f  1 ) .   
 
T h e  th i r d  p a r t  o f  t h e  q u es t io nn a i r e  c on s i s t e d  o f  o p en  en d ed  
q u es t io ns .  Th e  op en  e n d ed  qu e s t i on s  w e r e  a d ap t ed  f r om S h an k a r  e t  
a l .  ( 20 05 ) .  In  t h i s  s e c t io n ,  t h e  s tu d en t s  w e r e  as k ed  to  p ro v i d e  t h e i r  
o p i n i on s  a bo u t  t h e  m os t  im po r t a n t  s t r e n g th s  an d  w ea kne s s es  o f  t h e  
d e p a r tm e n t  wi t h  r ega r d  t o  t e ac h i n g  an d  as s es s m en t .  S t ud e n t s  w e r e  
a l so  as ke d  to  p r ov id e  t wo  s u gge s t io ns  on  h ow  t h e  t e a c h i n g  and  
l e a rn in g  o f  ch e mis t r y c o u ld  b e  im p ro v ed .  S t a t e m en t s  p r ov id e d  b y 
s tu d en t s  w e re  a na l yz e d  b y  n o t i n g  t h e  mo s t  f r eq ue n t l y  m a d e  
s u gge s t io ns  i n  o r de r  t o  ob t a in  a n  i d ea  a b ou t  ge n e r a l  f e e l i n gs  o f  t he  
s tu d en t s  r e ga r d i n g  t e a ch in g ,  l e a r n in g  a n d  as se s s men t  a t  t h e i r  
i n s t i t u t i on .  Th e s e  r e s u l t s  w e re  co mpa r e d  w i th  t h e  r es u l t s  f r om th e  
s e c on d  p a r t  o f  t h e  q u es t io nn a i r e .  
   
3 . 4 . 1 . 2  D e v e l op me n t  o f  t h e  i n s t ru me n t  t o  m e as u r e  s tu d en t s ’   
  l e a rn in g  ou t c om es  
 
T h e  l ea r n i n g  o u t co m es  o f  s tu d en t s  i n  c h emi s t r y w e r e  a s s es sed  
t h ro u gh  a  p ap e r  b as e d  w r i t t en  ex ami na t i on  o n  d i f f e re n t  t op i c s  f rom 
t h e i r  s yl l a bu s  s e l ec t e d  b y t h e i r  l e c tu r e r .  P re v i ou s  ch em is t r y t e s t  
p a p e rs  a s  w e l l  a s  t h e  l e a rn i n g  o b j e c t iv e s  ou t l i n ed  in  t h e i r  c h emi s t r y  
m a nu a l  a nd  c ou rs e  gu i d e l i n e  t o ge t he r  w i t h  t h e i r  p re s c r i be d  b oo k  
w e r e  u s ed  in  p r e p ar i n g  th e  ex am in a t io n  a nd  t h e  m a r k ing  gu i d e .  T he  
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r e s e a r ch e r  p ro v i ded  t w o  c h emi s t r y l e c t u r e r s ,  an d  a no th e r  l e c t u re r  
f r om  ph ys i o l o g ic a l  c h em is t r y w i th  t he  f r a me w or k  o f  t h e  i n s t r um en t .   
A  s e r i e s  o f  qu es t i o ns  d i s t i n gu i sh i n g  b e t w e en  d ec l a r a t i v e  and  
p r o c ed ur a l  k no wl ed ge  a n d  th e i r  s ubc o mp on e n t s  c o ve r in g  t h e  f u l l  
c o n t e n t  o f  t h e i r  cou r s e  w er e  s e l e c t e d  b y  t h e s e  l e c t u r e r s .  Q u es t io ns  
w e r e  b as e d  o n  s tu d en t s ’  kn ow le d ge  t o  r e c a l l ,  d e f i n e ,  a p p l y a n d  
i n t e g r a t e  i n f o rm at io n .  Ve r bs  su c h  a s  t h os e  i n  T a b l e  2 . 3  w e r e  u se d  a s  
gu i d e l i n es  w he n  ca t e go r i z i n g  q u es t io ns  i n  d i f f e r en t  co mp on e n t s .  
K e e v es  c i t ed  i n  H a i l i k a r i ,  N ev g i ,  &  Li n d b lo m- Yl an n e  (2 00 7)  
r e p o r t ed  t ha t  t h e  d i s t i n c t i on  o f  q u es t i o ns  u s i n g  v e rb s  suc h  as  t ho se  
i n  T a b l e  2 .3  i s  o f t e n  us e d  in  t h e  ed uc a t i on  p ra c t i c e  a nd  i t  i s  w id e l y  
a c c e p t e d .  A n  in i t i a l  d r a f t  o f  t h e  ex ami n a t i on  p a pe r  w a s  c o ns t r u c t ed  
a n d  g iv e n  fo r  v a l i da t i on  t o  t wo  ex p e r i e n c e d  ch em is t r y l e c t u r e r s  an d  
a  l e c t u re r  i n  s c i en ce  e d u c a t i on .  T h e i r  f e e d ba c k  wa s  u s ed  t o  f i n e  t u ne  
t h e  f o r m at  a nd  s t r uc t u r e  o f  t he  qu es t io ns .  T he  r es e a r ch er ,  s t u de n t s ’  
l e c t u r e r  an d  a  s e n io r  l e c t u r e r  i n  t h e  d e p a r tm e n t  o f  ph ys i o l o g y w h o  
w a s  a  l e c tu r e r  i n  b io c h emi s t r y f i n a l i z ed  th e  ex ami n a t i on  p a pe r  a s  
w e l l  a s  t h e  m a rk ing  gu i d e .  T h e y w e r e  a l so  i nv o l ve d  i n  ca t e go r i z i n g  
t h e  qu e s t i on s  a c co r d i n g  t o  t h e i r  k n ow le d ge  co mp on e n t s .  T he  
ex a min a t io n  w as  ma r k e d  b y t h e  s tu d en t s ’  l e c tu r e r  an d  re m a rk e d  b y 
t h e  r es e a r ch e r .  In  c a s e  o f  d i f f e r e n t  m a rk i n g  o n  a n y q u es t io n  th e  
s e n i o r  l e c tu r e r  i n vo lv e d  in  t h e  s e l e c t i on  an d  wr i t i n g  o f  t h e  m ar k i n g  
gu i d e  o f  qu es t i ons  w a s  c a l l ed  i n  t o  g iv e  h i s  o p i n io n .  I f  tw o  f r om  t he  
t h re e  a g r e e  on  a  p a r t i c u l a r  ma r k  th en  th a t  m a r k  w as  t ak e n .  
 
T h e  in s t rum e n t  us ed  t o  as se s s  s t ud e n t s  l e a rn i n g  o u t co m es  in vo lv ed  
c o n t e n t  m a s t e r y  a t  d i f f e r en t  l e v e l s  f ro m  k now l ed ge  a n d  
c o mp r eh e ns i on  to  h i gh e r  co gn i t i v e  l e v e l s  o f  ap p l i c a t i on  a nd  
i n t e g r a t i o n .  In  t h e  m od e l  i t  i s  a s s um ed  t h a t  o p er a t i n g  o n  th e  h i gh er  
l e v e l  o f  kn ow le dge  s u b sum e s  th e  l o w e r  l e v e l s  o f  k n o wl ed ge .  
T h e r e f o r e  s tu d en t s  w ho  a r e  a b l e  t o  i n t e g r a t e  co nc e p t s  a r e  as su m ed  
t o  ha v e  a n  u nd e r s t a n d i n g  o f  t h e  co nc e p t s .  T h e  t o t a l  ma r k  f o r  t he  
ex a min a t io n  w as  75  o f  wh i c h  37  m a rk s  w e r e  on  k no wl ed ge  o f  f a c t s  
a n d  d e f i n i t i on s  (d e c l a r a t i v e  k no wle d ge ) ,  3 8  m ar ks  w e r e  o n  
i n t e g r a t i o n  an d  app l i c a t i on  o f  kn ow le d ge  ( p r oc e du r a l  k n ow le d ge ) .  
W i t h i n  e ac h  k now l ed ge  c a t e go r y a  s c a l e  t o  d e s c r ib e  s t ud en t s  
u n de r s t an d i n g  w as  a d a p t e d  f rom  H ai l i k a r i ,  N ev g i ,  & Li n d b lo m -
Y l an n e  ( 20 07 ) ,  s e e  F i gu r e  1  i n  c h ap te r  1 .  A c c or d i n g  to  H a i l i k a r i  ,  
N e v g i ,  &  Li n d b l om- Y l an n e  (2 00 7 )  t h e  f o u r  su b l ev e l s  wi th in  t h e  two  
l e v e l s  a r e  c on s t ru c t e d  i n  a  c on t in uu m  t h a t  wi l l  sh ow  t he  p r o gr es s i on  
o f  s t ud e n t s ’  l e a r n in g  f r o m  th e  l o w es t  l ev e l  o f  b e i n g  a b l e  t o  r e c a l l  
a n d  d e f in e  t o  be in g  a b l e  t o  i n t e g r a t e  an d  a pp l y s t o r ed  k no w le d ge .   
 
In  k n o wl e d ge  o f  f ac t s  c a t e go r y,  s t ud en t s  w e r e  t e s t e d  on  t h e i r  a b i l i t y  
t o  a r t i cu l a t e  t h e i r  i d e a s  a bo u t  c h em is t r y c o n c ep t s  u s in g  p r io r  
ex p e r i en c es ,  o bs e rv a t io ns ,  l o g i c a l  r e as on in g  a nd  p r io r  kn o wl ed ge  to  
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p r ov id i n g  e v i d en c e  f o r  t h e i r  i d e a s .  Kn o wl ed ge  o f  m e an in g  f o c us e d  
o n  s t ud e n t s ’  a b i l i t y  t o  e x p lo r e  t h e  l a n gu a ge  o f  c h em is t r y a n d  
s p e c i f i c  s ym b o l s  u s ed  in  c h emi s t ry .  In t e g r a t i on  o f  k n ow l ed ge  
f o c us e d  on  t h e  u n de r s t an d i n g  o f  c o nc e p t s  a nd  ho w  d i f f e r en t  
c o n c ep t s  r e l a t e  t o  e a c h  o th e r .  Ap p l i ca t i on  o f  k no wl e d ge  f o cu s ed  o n  
p r ob le m  s o l v in g  w h e r e  r e l e v an t  kn ow l ed ge  i s  u s ed  in  c a l c u l a t i n g  
r e q u i r ed  in f o rm at io n .  Ta b l e  3 .1  i l l u s t r a t es  so m e  ex a mp l es  o n  h ow 
a n d  w h y q u e s t io ns  f r om  t h e  pa p e r  w e re  c a t e go r i z e d .  
 
T a b l e  3 .1  C a t e go r i e s  o f  s am pl e  qu e s t io ns   
 
 
S am pl e  Q u es t io n  
 
K n ow l ed ge  
C a t e go r y  
 
 
Ex p l an a t io n  
 
D e f in e  t h e  fo l l o wi ng  t e rm s :  
A t omi c  nu mb e r ,  e l e m en t ,  
c o mp ou nd  an d  r ad iu s .  
 
K n ow l ed ge  
o f  
Fa c t s  
 
 
T h e  qu es t io n  r equ i re s  
t h e  s t ud e n t  t o  r e c a l l  
s t o r ed  in f o r ma t i on  
c o n c er n i n g  t h e  mea n in g  
o f  t he  g iv e n  t e rm s  
 
W h a t  do  s ub s c r ip t  n umb e rs  
2  a n d  3  i n  t h e  f o r mu la  
C a 3 (PO 4 ) 2
 
 r ep r e sen t  
K n ow l ed ge  
o f  M e a n in g  
 
 
T h e  qu es t io n  r equ i re s  
t h e  s tu d en t  t o  k now  t h e  
m e a n in g  o f  t h e  num b er s  
i n  f o rmu l as  o f  
c o mp ou nd s  
 
W r i t e  d ow n  th e  b a l a n ce d  
e q u a t i on  fo r  t he  r e a c t io n  
t h a t  t a k es  p l a c e  i n  t h e  
s to ma c h  a f t e r  a  p e r s on  t ak es  
a  do s e  o f  M g( O H )
 
2  
K n ow l ed ge  
o f  
In t e g r a t i on  
 
 
T h e  qu es t io n  r equ i re s  
t h e  s t ud e n t  t o  a na l yz e  
t h e  qu es t io n  th e n  m ov e  
f r om  r e c a l l i n g ,  
u n de r s t an d i n g ,  a pp l yi n g  
r u l e s  r e qu i r e d  in  
w r i t i n g  a n d  b a l an c in g  
o f  eq u a t i on s   
 
C a l c u l a t e  t h e  c on ce n t r a t i o n  
o f  h yd r o c h l o r i c  a c i d  i n  t h e  
p e r so ns ’  s tom a c h  i f  t h e  p H 
i s  1 .  
 
K n ow l ed ge  
o f  
A p p l i c a t i o n  
 
 
A  s t ud e n t  w i l l  m ov e  
f r om  r e c a l l i n g  t he  
r e l a t i on sh ip  b e tw e e n  
c o n c en t r a t i o n  a nd  p H ,   
a n d  t h e  r e l e v a n t  
f o rm ul a  t o  b e  u s ed ,  
i n t e rp r e t  t he  fo r m ul a  
a n d  c a l c u l a t e     
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R e sp ons e s  t o  t h e  qu e s t i on s  f o r  e a c h  kn o wl ed ge  c a t e gor y w e r e  sc o r ed  
a c c o rd in g  to  t he  op e r a t i o n a l i z a t i on  m et ho d  in  Ta b l e  3 . 2  w h i l e  t h e  
a n a l ys i s  o f  s tu d en t ’ s  r e s po ns es  w er e  b a s ed  o n  th e  m a r k in g  gu i de  i n  
t h e  qu e s t i on  p ap e r  p r e p ar e d  b y t h e  au th o r  a nd  t wo  o th e r  l e c t u r e r s .   
 
T a b l e  3 .2  T he  o p e ra t i on a l i z a t i on  o f  d i f f e r e n t  kn o wl ed ge  c o mp on e n t s  
( m od i f i e d  v e r s i on  f r o m S c a l i s e  e t  a l .  20 0 3)  
 
C om po ne n t  O p e r a t i on a l i z a t i on  S c a l e  
 
 
K n ow l ed ge  o f  f ac t s  
 
F r e e  r e c a l l ,  
e n um e r a t i n g  d om ain  
s p e c i f i c  c on c e p t s  
 
0 =  <  0 . 5  o f  t h e  
a l l o c a t ed  m a rk  
0 . 5  =0 .5  o f  t he  
a l l o c a t ed  m a rk  
1 = > 0 . 5  o f  t h e  





K n ow l ed ge  o f  
m e a n in g  
 
 
O p e n  qu es t i ons :  
g i v in g  de f in i t i o ns  t o  
r e c a l l ed  co n c ep t s  
 
0 =  <  0 . 5  o f  t h e  
a l l o c a t ed  m a rk  
0 . 5  =0 .5  o f  t he  
a l l o c a t ed  m a rk  
1 = > 0 . 5  o f  t h e  




K n ow l ed ge  o f  
i n t e g r a t i o n  
 
 
U n d er s t a nd i n g  
c o n c ep t s  a nd  t he i r  
i n t e r - r e l a t i ons  
 
0 =  <  0 . 5  o f  t h e  
a l l o c a t ed  m a rk  
0 . 5  =0 .5  o f  t he  
a l l o c a t ed  m a rk  
1 = > 0 . 5  o f  t h e  




K n ow l ed ge  o f  
a p p l i c a t i o n  
 
 
P ro b l em  s o l v in g  
t a sk s  an d  a pp l yi n g  
k n ow le d ge  t o  o th e r  
c o n t ex t s  
 
0 =  <  0 . 5  o f  t h e  
a l l o c a t ed  m a rk  
0 . 5  =0 .5  o f  t he  
a l l o c a t ed  m a rk  
1 = > 0 . 5  o f  t h e  
a l l o c a t ed  m a rk  
 
O v e r a l l  s c o re    
 
A n sw e rs  t o  t h e  q ue s t io ns  me a su r i n g  e a c h  kn ow l ed ge  c a t e go r y w e r e  
c o d ed  a s  0  fo r  a n y  a n s w er  b e l o w  h a l f  o f  t he  a l l o ca t ed  m a rk  o n  t h e  
q u es t io n  p ap e r ,  0 . 5  f o r  h a l f  t h e  m a r k  a l l o c a t e d  o n  t h e  q u es t io n  p ap er  
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a n d  1  f o r  an y m a r k  a b ov e  ha l f  t h e  a l l o c a t e d  m a rk  ( ex am pl e ,  i f  t h e  
t o t a l  m a rk  a l l oc a t ed  t o  a  p a r t i c u l a r  que s t i o n  i s  4 ,  a n y m a r k  l e s s  t h an  
2  i s  c od e d  a s  0 ,  a  m a rk  o f  2  as  0 .5  a n d  an y m a r k  abo v e  2  a s  1 ) .  
S t ud e n t s  w ho  ob ta in e d  0  i n  a n y q u e s t io n  wi l l  b e  c l as s i f i e d  a s  b e i n g  
o n  t h e  d e c l a r a t i v e  k n ow le d ge  l ev e l ,  t h os e  t h a t  ob t a in e d  0 . 5  a s  b e in g  
o n  th e  p ro c e du r a l  k n o wl ed ge  l e v e l  a n d  th os e  w ho  o b t a i n ed  1  a s  
b e in g  a b ov e  t h e  p r o c e du r a l  kn ow l edge  l e v e l .  T h e  p e r fo r ma n c e  o f  
e a c h  s tu d en t  wi l l  b e  i l l u s t r a t e d  as  t h e  p e rc e n t a ge  o f  t h e  o ve r a l l  
s c o r e  o f  co r r e c t  an s w er s  ob t a in e d  a s  a s s i gne d  b y t h e  ex a min e r s  i n  
t h e  qu es t io n  p ap e r .  T h e  op e r a t i on a l i z a t i on  o f  d i f f e re n t  c o mp on en t s  
o f  k no wl e d ge  i s  r ep r e s en t e d  i n  T ab l e  3 . 2 .  
 
3 . 4 . 1 . 3  In s t r u m en t  R e l i a b i l i t y  a n d  V a l i d i t y   
 
R e l i ab i l i t y  a n d  v a l id i t y  a r e  i m po r t an t  a s pe c t s  t h a t  a  r e s e a rc h er  
s ho u l d  a dd r es s  i f  t h e  r e su l t s  a r e  t o  b e  o f  a n y s i gn i f i c an c e .  
R e l i ab i l i t y  i s  mo s t l y  d e f i n ed  a s  t he  a b i l i t y  o f  a n  i n s t r um en t  t o  
p r ov id e  s im i l a r  r e s u l t s  e v e r y t i m e  i t  i s  a d min i s t e r ed  t o  t h e  s ame  
s a mpl e  a t  d i f f e r e n t  t im es .  R es e a r ch  l i t e ra tu r e  l i s t s  f ou r  f o rms  o f  
r e l i a b i l i t y;  S p l i t - ha l f ,  C oe f f i c i e n t  o f  C o ns i s t en c y,  T e s t - r e t es t  a nd  
A l t e rn a t e - f o r m.  In  t h e  p r e s en t  s tu d y ,  i n t e rn a l  c on s i s t en c y o f  t h e  
s c o r es  w as  es t ab l i s h ed  b y c o m p ut in g  C r on ba c h  a l ph a  co e f f i c i e n t s .  
Fo r  t h e  40  s t a t em e n t s  o f  t h e  f i r s t  ye a r  s t ud e n t ’ s  q u es t i o nn a i r e  
C r on ba c h  a lp h a  c o ef f i c i en t  w a s  0 . 78  wh i l e  fo r  t h e  l e a rn ing  o u tc om es  
i n s t r um en t  C r on b a ch  a l ph a  c o e f f i c i en t  w a s  0 .6 2  fo r  2 5  i t em s .   
 
L i n ,  i n  D e ra t z o u ,  (2 0 06 )  s u gge s t s  t h re e  t yp e s  o f  v a l id i t y ;  c o n s t ru c t  
v a l id i t y ,  i n t e rn a l  v a l id i t y  a n d  ex t e rn a l  v a l id i t y .  I t  i s  s t a t ed  i n  
D e r a t z ou  (2 00 6 )  t ha t  m u l t i p l e  s ou r c es  o f  e v i d en c e  a r e  u se d  t o  e ns u re  
c o ns t r u c t  va l i d i t y ,  w h i l e  t r i an gu l a t i on  o f  d a t a ,  m emb e r  ch e c k i n g  an d  
c l a r i f yi n g  i n v es t i ga t o r  b i a s  a r e  em pl oye d  f o r  i n t e rn a l  v a l i d i t y ,  w h i l e  
ex t e r n a l  v a l id i t y  i m p l i e s  t h e  ge n e r a l i z a b i l i t y  o f  t h e  d a t a  t o  o th e r  
p o pu l a t i o n  wh ic h  i s  u su a l l y  d i f f i cu l t  i n  qu a l i t a t i v e  s tu d i e s  ( Bo gd an  
& B i k l en  as  c i t e d  i n  D er a t z ou  (2 00 6 ) .          
 
3 . 4 . 1 . 4  A d min i s t r a t i o n  o f  t h e  i n s t r um en t s  
 
Q u e s t i on n a i re s  t o  a s s es s  a t t i t u de s  o f  s tu d en t s  t o wa r ds  c h e mis t r y  
w e r e  a dmi n i s t e r e d  t o  a l l  s t ud en t s  i n  S ep t emb e r  20 0 8  d ur in g  
s tu d en t s ’  t u t o r i a l  s e s s i on .  Th e  r i gh t s  o f  t h e  s t ud e n t s  a nd  p u rp os e  o f  
t h e  s tu d y w e r e  ex p l a i n ed  t o  a l l  s t u d en t s  b y t h e  r e se a r c he r .  S t ud en t s  
w e r e  a l s o  i n fo rm ed  t h a t  t h e i r  r e sp on s es  t o  t h e  q u es t io n na i r e  w i l l  
o n l y b e  us e d  f o r  t h i s  s t u d y.  Q u e s t io n na i r e  pa p e rs  w er e  c od e d  in  
o r d e r  t o  m at c h  th e  ex a min a t io n  s co r e  o f  i nd iv i du a l  s t u d en t s  t o  t h e i r  
r e s p ec t iv e  a t t i t u d e  s c o r e .   
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A  p e n  a nd  p ap e r  ex a mi n a t i on  c o v er in g  t h e  w ho l e  s co p e  o f  c h e mis t r y 
I  s yl l a b u s  f o r  m ed i c a l  s t ud en t s  w a s  u s e d  to  a s s e s s  t h e  l e a rn in g  
o u t c om es  o f  t he  s tud e n t s .  P e r mis s i on  w a s  o b t a i ne d  f r om ex a min a t io n  
d e p a r tm e n t  an d  d ep a r t m en t  o f  c h emis t r y t o  us e  t h e  r e su l t s  f o r  t he  
s tu d y.  T h e  ex am ina t i on  w a s  ch os en  s in c e  t h i s  w i l l  p rov id e  a  wi d e  
s c op e  o f  qu es t i o ns  a nd  i t  w i l l  a l so  no t  b e  n e c es sa r y f o r  t h e  
r e s e a r ch e r  t o  u r ge  s tu d en t s  t o  p re p a r e .  T h e  ex am in a t io n  was  
c o mp ul s o r y  a n d  i t  w a s  w r i t t en  i n  O c to b e r  20 08 .  Th e  to t a l  n umb e r  o f  
s tu d en t s  w ho  w ro te  t he  ex ami n a t i on  w a s  1 21 .  T h e  d u r a t io n  o f  t h e  
ex a min a t io n  p a pe r  w a s  t wo  h ou r s .  Q u e s t i on s  i n  t h e  ex a min a t io n  
p a p e r  w e re  g r ou p ed  i n t o  t h os e  r e qu i r i n g  d e c l a r a t i v e  k no w le d ge  and  
t ho s e  r e qu i r in g  p ro c e du r a l  kn ow l ed ge .  P e r fo rm a n c e  o f  s tu de n t s  i n  
t h e  ex am in a t io n  wa s  t a k en  a s  t he  su m  o f  p e r f o r m an ce  s c o re s  o f  
i nd iv i du a l  s t ud e n t  i n  t h e  d e c l a r a t i v e  k no wl ed ge  q ue s t io ns  a nd  
p r o c ed ur a l  kn o wl ed ge  q u es t io ns  as  a s s i gn e d  in  t he  qu es t io n  p a p er .  
S c o r e s  o f  s t ud e n t s  i n  t h e  l e a rn i n g  o u t c om es  as s es sm e n t  w er e  
ex p r es s e d  in  p e r cen t a ge .  Al l  s t ud e n t s  w h o  s ub mi t t e d  a  c o m pl e t ed  
q u es t io nn a i r e  an d  w r o t e  t he  ch em is t ry  e x a min a t io n  w e r e  s e l e c t e d  fo r  
t h e  s tu d y.  F r o m  a  s a mpl e  o f  12 1 ,  10 3  ( 8 5 .1 % )  s tu de n t s  s u c c es s f u l l y  
c o mpl e t ed  th e  a t t i t u d e  qu e s t i on n a i r e  a n d  th e i r  r e sp on s es  w e r e  u sed  
i n  t h e  a n a l ys i s .  
 
3 .5  Data  Analys is  
 
T h e  a im  o f  t h e  s tu d y  w a s  t o  a s se s s  t h e  r e l a t i o ns h i p  b e t w ee n  
s tu d en t s ’  a t t i t ud es  t o w a rd s  ch e mis t r y  a n d  t he i r  l e a rn in g  o u t com e s .  
Fo r  t h e  pu r po s e  o f  t h i s  s t u d y,  d e s c r ip t i v e  a na l ys i s  w a s  em pl o ye d  t o  
f i r s t  a s s es s  t he  a t t i t ud in a l  d i sp os i t i on  o f  s tu d en t s  t o w ar ds  c h em is t r y 
a n d  f o r  t h e i r  l ea rn in g  ou t com e s .  T he  Pe a r so n  co r r e l a t i on  s t a t i s t i c  
w a s  e mp lo ye d  to  ob t a in  t h e  r e l a t i o nsh ip  o f  a t t i t u d es  o f  s tu d en t s  a nd  
t h e i r  l e a r n in g  o u t co m es  a s  w e l l  a s  t he  r e l a t i o ns h ip  o f  t h e i r  o v e ra l l  
s c o r e  i n  t h e  ex am in a t io n  an d  t h e i r  p e r f o rm an c e  in  d i f f e r en t  
k n ow le d ge  c om pon e n t s .  S im pl e  l i ne a r  r e g r e s s i on  a na l ys i s  w as  
e m plo ye d  t o  o b t a i n  w h i ch  v a r i ab l e  p re d i c t ed  t h e  l ea r n i ng  o u t co mes  
o f  s tu de n t s .  R es u l t s  w er e  d i sp l a ye d  i n  t ab l e s  a nd  g r ap hs .  
  
3 .6  Conclus ion  
 
T h i s  c h ap te r  p r e sen t ed  t h e  r es e a r ch  de s i gn ,  m e t ho ds  fo l l o w e d  in  t he  
p r e s en t  s tu d y t h e  de v e lo pm en t  an d  a dm in i s t r a t i on  o f  t h e  i n s t r um en t s  
t o  b e  u s ed  in  a n sw e r in g  t h e  r es e a r ch  q u es t io ns .  Th e  s a mpl e  w as  
d e f i n ed  a nd  th e  s t a t i s t i c a l  p r oc e du r e  t o  b e  fo l l o w e d  w a s  h i gh l i gh t ed .  






Resul ts  
 
4 .1  Framework fo r  the  Analys is  
 
T h i s  ch a p t e r  p r ese n t s  t h e  f i n d i n gs  o f  t h e  da t a  co l l e c t ed  us in g  
q u a l i t a t i v e  a nd  q u an t i t a t i v e  r es e a r c h  m et ho ds .  T he  f i n d i n gs  
e m a na t i n g  f ro m  th e  s t ud y w e r e  d r a w n  f ro m  s c o re s  f r o m  t h e  
q u es t io nn a i r e  a nd  a  p e n  a nd  p ap e r  ch em is t r y e x am in a t io n  o f  t h e  f i r s t  
ye a r  m e d i ca l  s t ud en t s .  Th e  q u es t io nna i r e  p r es en t ed  t he  r e s po nd e n t s ’  
a t t i t ud e  s co r es  o f  t h e  f i r s t  ye a r  m e d i c a l  s t u de n t s  w h i l e  t h e  
ex a min a t io n  p r e sen t ed  th e  pe r f o r m an c e  o f  s t ud e n t s  i n  d i f f e r en t  
k n ow le d ge  com p one n t s .   
 
4 .2  Presenta t ion  o f  the  Resul ts  
  
4 . 2 . 1  D e s c r i p t i ve  R e su l t s  o f  S tu d en t s ’  At t i t ud e s  To w a rd s  C h emis t r y  
 
T h e  t o t a l  n um b er  o f  s tu d en t s  wh o  c om pl e t e d  th e  qu es t io n na i r e  w as  
1 0 3  th i s  r ep r es e n te d  85 .1 %  of  t h e  t o t a l  co ho r t .  O f  t he s e  s tu d en t s ,  
4 6 .6 %  w e r e  f e ma le  ( n =4 8 )  a nd  53 .4 %  m a le  (n = 55 ) .  O v e r  3 8 . 6% 
s tu d en t s  r es po nd e d  th a t  t h e y l i k ed  che mi s t r y a t  s c ho o l  w h i l e  44 .3 % 
w e r e  ne u t r a l  an d  17 . 1%  d id  no t  l i k e  c h e mis t r y.  T h e  i n i t i a l  a na l ys i s  
i nv o l ve d  t h e  d e sc r i p t i v e  r e su l t s  o f  t h e  a t t i t u d es  o f  f i r s t  ye a r  
s tu d en t s  t o w a rd s  ch e mis t r y ( A p p e nd ix  A ) .  R es u l t s  i n  a p p en d ix  A  
a l so  r ev e a l e d  t h a t  t h e  obs e r v ed  f r eq u en c ie s  o f  s t a t em e n t s  7 ,  1 0 ,  
1 8 ,1 9 , 20 ,2 3 , 27 ,2 8  a n d  4 0  d i f f e r  s i gn i f i c an t l y  f r o m  t he  ex p e c t e d  
f r e q ue n c i es  a t  5 % l e v e l  o f  co n f id e n c e .   
 
4 . 2 . 1 . 1  S t ud e n t s ’  R a t i n gs  o f  S t a t em en t   
 
A p p en d ix  B  g iv e s  t he  pe r c e n t a ge s  a n d  f r e qu e nc i es  o f  s t ud e n t s ’  
c h o i c e  o f  r a t i n g  o f  s t a t e me n t s  ob t a in e d  f r om  th e  i n s t ru m en t  t h a t  
m e as u r ed  th e  a t t i t u d es  o f  f i r s t  ye a r  m e d i c a l  s t ud e n t s  a t  a  H i gh er  
E d uc a t io n  In s t i t u t i o n  in  G au te n g  t o wa r d s  c h emi s t r y o n  a  f i v e  p o in t  
Li k e r t  s c a l e .   
 
Fo r  t h e  pu r po s e  o f  f u r t h e r  an a l ys i s  t he  f i r s t  an d  l a s t  t wo  c o lu mn s  o f  
t h e  Li k e r t  s c a l e  we r e  c o l l ap s ed  in to  D i s a g r e e  a n d  A gr ee  c a t e go r i e s  







 Th e  re sp ons e  o f  the  s tud en ts  r e ga rd in g  p r a ct i ca l  c la s s es .  
  
•  T h e  r es u l t s  r e ve a l e d  t h a t  65 .0 %  o f  s t ud e n t s  t h in k  t h a t  
l a bo r a t o r y w o r k  i s  n o t  im po r t a n t  f o r  m e d i c a l  s t ud en t s ,  nu mb e r  
3 8  in  F i gu r e  2 .   
•  M o r e  t h an  h a l f  o f  t h e  s tu d en t s  ( 53 . 4% )  r e po r t e d  t ha t  t he  
p r a c t i ca l  ex p e r i m en t s  w er e  no t  r e l a t e d  t o  t he  wo r k  don e  i n  
c l as s ,  n um b er  3 9  in  F i gu r e  2 .   
•  St ud e n t s ,  (5 8 . 0 % )  r e p o r t ed  t h a t  t h e  t h e o r y b e h i n d  ex pe r i me n t s  
w a s  n o t  c l e a r l y  p r e s e n t ed  s t a t em en t  12  i n  F i gu re  2   
•  M os t  s t ud e n t s  5 9 . 5%  f e e l  t h a t  t h e  p r ac t i c a l  w o rk  c l a s s es  w e r e  
n o t  s t im u l a t i n g  an d  r e l e v an t ,  n umb e r  10  i n  F i gu re  2   
•  A lm os t  t h e  s a m e  nu mb e r  o f  s tu d en t s  5 7 .3 %  re p or t e d  t h a t  t h e y  
d id  n o t  e n j o y p r a c t i c a l  wo rk  n um b er  11  i n  F i gu re  2 .    
•  A n d  5 8 . 3 %  s a i d  t ha t  t h e y d o  n o t  l i ke  c h em is t r y e x p er im e n t s  
b e c a us e  t h e y c a n  be  v e r y d a n ge r o us  nu mb e r  1 4  i n  F i gu re  2 .   
 













F i gu r e  2  Co mp r es se d  P e r ce n t a ge  R a t in gs  o f  S t a t e me n t s  
 
Th e  re sp ons e  o f  the  s tud en ts  r e ga rd in g  sub je c t  con t en t  
 
•  H o w ev e r ,  47 .6 %  b e l i ev e d  th a t  mo s t  o f  t h e  t op i c s  i n  t h e i r  
s yl l a bu s  a r e  no t  u se f u l ,  n umb e r  4 0  i n  F i gu r e  2 .  
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 Th e  re sp ons e  o f  the  s tud en ts  r e ga rd in g  l e c tu r e  c las s es  
 
•  S om e  s tu d en t s  (4 7 . 6 % )  r ep or t ed  t h a t  c h e mi s t r y l e c t u r es  w e r e  
n o t  i n t e re s t i n g  o r  s t imu l a t i n g ,  num b e r  2  i n  F i gu r e  2 .   
•  A lm os t  t h e  s am e  p r o po r t i o n  o f  s t ud en t s  ( 46 .6 % )  r e po r t e d  t ha t  
c o n c ep t s  i n  l ec tu r e  m at e r i a l s  w e r e  n o t  c l e a r l y  e x p la i n ed ,  
n um b er  28  in  F i gu re  2 .   
•  W it h  47 .6 %  s tu d en t s  s a yi n g  t h a t  t he y  p r e f e r  t u to r i a l s  o v er  
l e c t u r es ,  n um b er  35  i n  F i gu re  2 .   
 
 Th e  re sp ons e  o f  the  s tud en ts  r e ga rd in g  ch e mi s t r y  
 
•  M a jo r i t y  o f  s t ud e n t s  ( 70 .9 % )  a c kn owl e d ge d  th e  r e l e v anc e  o f  
c h e mis t r y i n  m ed i c i n e ,  n umb e r  4  i n  F igu r e  2 .  
•  Bu t  69 %  o f  t h e se  s t ud e n t s  r e p or t ed  t ha t  t h e i r  m a i n  r e as on  f o r  
s tu d yi n g  c h e mi s t r y  i s  b e c au s e  i t  i s  a  p r e r eq u i s i t e ,  n umb e r  26  
i n  F i gu re  2 .   
•  O n l y 2 9 . 2  %  o f  t h e  s tu d en t s  r e po r t e d  t h a t  ch em is t r y i s  no t  
t h e i r  f av o r i t e  s ub j ec t ,  num b e r  14  in  F igu r e  2 .   
•  Le s s  t h a n  h a l f  o f  t h e  s tu de n t s  (4 8 . 6 %)  t h i nk  t ha t  c he mis t r y i s  
d i f f i cu l t  num b e r  8  i n  F i gu re  2 .   
•  W h i l e  5 1 . 4%  of  t h e m b e l i e v e  t h a t  c h e mis t r y h a s  c r ea t e d  a  
k n ow le d ge  b as e  wh i ch  w i l l  h e l p  t he m  in  t h e i r  c a r e e r  a n d  
d u r i n g  c l i n i c a l  ye a r s ,  nu mb e r  3  i n  F i gu r e  2 .   
 
 Th e  re sp ons e  o f  the  s tud en ts  r e ga rd in g  th e  l e c tu r e r   
 
•  H a l f  o f  s t ud e n t s  t h i nk  th a t  t h e i r  l e c t u r e r  d id  no t  s e e m  t o  e n j o y 
t e a ch in g  c h emi s t r y,  n umb e r  3 1  i n  F i gu r e  2 .  
•  A n d 52 .4 %  f e l t  t ha t  t h e  l e c tu r e r  m ad e  t h em  fe e l  t h a t  t h e y d o     
n o t  h a ve  t he  a b i l i t y  t o  c o n t i nu e  w i th  c h e mi s t r y  n u mb e r  2 1  in  
F i gu r e  2 .   
 
 Th e  re sp ons e  o f  the  s tud en ts  r e ga rd in g  as s e s s me n t  
 
•  A c c o rd in g  to  6 2 . 1%  o f  s t ud en t s  a s s es s m en t  i n  c h emi s t r y  i s  n o t  
f a i r ,  n um be r  3 4  in  F i gu r e  2 .  
•  St ud e n t s  ( 50 .5 % )  re p o r t ed  t h a t  a s se s sm e n t  co n ce n t r a t e d  m os t l y  
o n  ab i l i t y  t o  a c qu i r e  f a c t s  t h an  on  t he  d e v e lo pm e n t  o f  c r i t i ca l  
t h i nk i n g  s k i l l s ,  num b er  3 7  in  F i gu r e  2 .   
•  W h i l e  ( 68 .9 % )  w ou l d  l i k e  t o  ha v e  mul t i p l e  c h o i c e  qu e s t io ns  i n  
t h e  as s es sm en t ,  n um b er  3 6  in  F i gu r e  2 .   
•  M a jo r i t y  o f  s t ud e n t s  ( 73 .8 % )  b e l i e v e  t h a t  i t  i s  no t  po ss ib l e  t o  
p a s s  ch em is t r y w i th o u t  un d e rs t a nd i n g  n umb e r  2 4  i n  F i gu r e  2 ,   
•  T h e r e f o r e  88 .4 %  of  t h em  f ee l  t h a t  i t  i s  imp o r t an t  fo r  t he m  to  
u n de r s t an d  th e  w o rk  t a u gh t  i n  c l as s ,  nu mb e r  2 9  i n  F i gu re  2 .   
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4 . 2 . 1 . 2  T o t a l  At t i t u d e  S c o re s  o f  In d iv id ua l  S tu d en t s  
 
In  o r d e r  t o  e s t a b l i s h  t h e  a t t i t u d es  o f  s t ud e n t s  t o w ar d  ch e mis t r y t h e  
t o t a l  s co r e  o f  i nd iv id u a l  s t u d en t s  wer e  c a l cu l a t e d  (T a b l e  4 . 1 )  b y  
s um min g  u p  t h e  r a t i n gs  o f  e a ch  in d i v id u a l  s t u d en t .  P os i t i v e  a t t i t u de  
i s  r e p r es e n t ed  b y t h e  h i gh e s t  t o t a l  s co r e  a nd  n e ga t iv e  a t t i t u d e  b y t h e  
l o we s t  t o t a l  s co r e .  T h e  m ax im um  pos s i b l e  s c o re  f o r  a l l  s t a t em e n t s  
w a s  20 0  w h i l e  t h e  m in i mum  w a s  4 0 .  T h e  ov e r a l l  s co r e  fo r  t h e  fo r t y  
s t a t em en t s  h a d  a  me a n  s c o re  o f  12 5  an d  s t a nd a rd  d ev i a t i o n  o f  1 6 . 8 .  
T h e  h i gh e s t  t o t a l  s c o r e  o b t a i ne d  w as  1 6 4  wh i c h  i s  a bo ve  t h e  m e an  
s c o r e  (1 25 )  wh i l e  t h e  l o we s t  t o t a l  s c o r e  w as  83 .  Th e  t o t a l  n um b er  o f  
s tu d en t s  w ho  s co r ed  be lo w th e  m e an  s c o r e  w as  f o r t y  e i gh t  (4 6 . 6% )  
f r om  t h i s  n um b er  22  (4 5 . 8 %)  w er e  fem al e .  
 
T a b l e  4 .1  T o t a l  s c o r e s  o f  s t a t em e n t s  r a t i n gs  o f  s tu d en t s .  
 
S t u d e n t  1  2  3  4  5  6  7  8  9  1 0  1 1  1 2  1 3  
T o t a l  
s c o r e  1 1 8  1 3 2  1 2 0  1 3 2  1 4 2  1 2 8  1 1 2  1 3 9  1 2 6  1 3 7  1 3 8  1 3 6  1 2 6  
 G e n d e r  F  F  F  F  F  M  F  F  F  F  M  M  M  
S t u d e n t  1 4  1 5  1 6  1 7  1 8  1 9  2 0  2 1  2 2  2 3  2 4  2 5  2 6  
T o t a l  
S c o r e  1 3 0  1 2 9  1 2 2  1 4 2  1 1 5  1 4 8  1 4 4  1 1 6  1 3 8  1 4 7  1 1 5  9 6  1 2 3  
 G e n d e r  M M F  M M F  F  F  F  F  M F  M 
S t u d e n t  2 7  2 8  2 9  3 0  31 32 33 34 35 36 37 38 39 
T o t a l  
S c o r e  1 0 8  1 0 7  1 0 5  1 4 8  132 126 137 105 107 141 136 123 135 
 G e n d e r  M F  M M F  M F  M M M F  M M 
S t u d e n t  40 41 42 43 44 45 46 47 48 49 50 51 52 
 T o t a l  
S c o r e  126 140 151 131 129 105 104 110 127 105 125 114 112 
 G e n d e r  F  F  F  F  M F  M M M F  M F  F  
 S t u d e n t  53 54 55 56 57 58 59 60 61 62 63 64 65 
 T o t a l  
S c o r e  140 165 118 119 115 148 86 123 145 129 121 123 113 
 G e n d e r  M F  M F  F  F  M F  M M M M M 
 S t u d e n t  66 67 68 69 70 71 72 73 74 75 76 77 78 
 T o t a l  
S c o r e  151 112 114 105 105 103 138 124 133 86 141 151 124 
 G e n d e r  F  F  F  M F  F  M M M M F  M M 
 S t u d e n t  79 80 81 82 83 84 85 86 87 88 89 90 91 
 T o t a l  
S c o r e  143 137 119 121 85 136 96 137 143 126 157 147 132 
 G e n d e r  F M M M M F M M M M F F F  
 S t u d e n t  92 93 94 95 96 97 98 99 100 101 102 103  
 T o t a l  
S c o r e  124 93 83 142 103 130 141 105 118 130 144 123 
 
 G e n d e r  F  F  M M F  M F  F  M M F  M  
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4 . 2 . 1 . 3  T h e  sp r e ad  o f  a t t i t u d es  o f  s t ud e n t s  
 
T a b l e  4 . 2  g i ve s  t h e  s p r ea d  o f  a t t i t u d es  o f  s tu d en t s  i n  fo u r  
c a t e go r i es .  T ab l e  4 . 2  i s  o r ga n iz ed  in  su c h  a  w a y t h a t  s t u de n t s  wi th  a  
t o t a l  s c o r es  ab ov e  1 8 0  a r e  r e ga r d e d  a s  b e in g  mo s t  p os i t i ve  a n d  th ose  
w i t h  a  t o t a l  s co r es  o f  14 0  t o  18 0  as  be i n g  mo d er a t e l y p o s i t i v e ,  wh i l e  
t o t a l  s c o r e s  o f  10 0  to  1 40  as  mo d e r a t e l y n e ga t iv e  a nd  t ho s e  s co r i ng  
l e s s  t ha n  1 00  as  be i n g  m os t  n e ga t iv e  t ow a rd s  c h emi s t ry .  In  T a b l e  
4 . 2  i t  i s  d em on s t r a t e d  t h a t  t h e r e  i s  n o  s tu d en t  r e p r e s en t in g  t h e  mos t  
p os i t i v e  a t t i t ud e  ca t e go r y  w h i l e  t h e  m a jo r i t y  o f  s t ud en t s  ( 7 0 . 9% ,  
n = 73 )  a r e  m od e r a t e l y n e ga t i v e  t o w a rd s  t h e  l e a rn i n g  o f  c h e mis t r y.  
F r o m  th e s e  r e su l t s  i t  i s  a l so  r ev e a l ed  th a t  t h e  m aj o r i t y  o f  s tu d en t s  
( 7 7 . 7 %,  n =  8 0)  h a ve  ov e r a l l  ne ga t i v e  a t t i t ud es  t ow a r d  che mi s t r y.   
 
T a b l e  4 .2   T h e  sp r e ad  o f  a t t i t u d es  s c o r e s  o f  s tu de n t s   
 
T o ta l  S co r e  A t t i t ud e  Ra t in g  %  (n )  S tud en t s  
1 8 0+ S t r on g l y P os i t i v e  ( 0 )  
1 4 0- 18 0  M od e r a t e l y P o s i t i ve  2 2 .3 (2 3 )  
1 0 0- 14 0  M od e r a t e l y N e ga t iv e  7 0 .9 (7 3 )  
6 0 -1 00  S t r on g l y N e ga t iv e  6 . 8 ( 7 )  
 
4 . 2 . 1 . 4  R e sp ons e s  f ro m t h e  o pe n  e nd e d  qu e s t io ns  
 
C omm e nt s  t h a t  w er e  m ad e  b y t h e  s tu d en t s  h a v e  r ev e a l e d  t h a t  t h e  
q u a l i t a t i v e  r e su l t s  d o  n o t  d i f f e r  mu ch  f r om  w ha t  h a s  b ee n  ob t a in e d  
i n  t h e  q u an t i t a t i v e  s tu d y.  T h e  qu a n t i t a t i v e  r e su l t s  ha v e  r ev e a l e d  t ha t  
m os t  s t u d en t s  h ave  n e ga t iv e  a t t i t u des  t ow a r d  ch e mis t ry .  F r o m  th e  
s t a t em en t s  o f  s tu de n t s ’  r em a rk s  t h i s  i s  ge n e r a l l y  d u e  t o  t h e  w a y 
c h e mis t r y w a s  t a u gh t  a nd  as s es se d ,  t he  a t t i t u d e  o f  t h e  l ec t u r e r ,  t h e  
c o n t e n t  a nd  m os t l y  t h e  p r a c t i c a l  wo rk .   
 
T h e  m ai n  t h e m es  t ha t  em e r ge d  f r om  t he  s t a t em en t s  g iv en  b y s t u de n t s  
i nd i c a t ed  t ha t  t h e  w e a kn e ss es  o f  t he  d e pa r tm en t  w e r e  i ne f f e c t i ve  
w a y o f  d e a l in g  wi th  s tu d en t s ’  c om pl a i ns  an d  in c omp e te n t  l e c t u re r s .  
W i t h  r e ga r d  t o  t e ac h in g ,  t h e  w e ak n ess e s  no t e d  w er e  p oo r  s t ud e n t–
l e c t u r e r  i n t e r ac t i on s ,  b o r i n g  t e a ch in g  m et ho ds ,  l o t  o f  co n t en t  
k n ow le d ge ,  p r a c t i ca l  wo r k  w h i ch  w as  n o t  r e l a t e d  t o  t h e  l e c t u r e s  a nd  
l e c t u r es  wh ic h  d id  n o t  f o l l o w  th e  s eq ue n c e  in  t h e  p r e sc r ib e  b oo k .  In  
t h e  as s es sm en t  s e c t io n  s tu d en t s  c i t ed  u n f a i r  m a rk in g  a nd  a l l o c a t i on  
o f  t h e  m a r ks ,  qu e s t i o ns  wh ic h  w er e  n o t  c h a l l e n gi n g ,  an d  de l a y o f  






S t ud e n t s  s u gge s t e d  th a t :  
 
•  T h e  t e a ch in g  m et ho d  u s ed  sh ou l d  i nvo lv e  m o r e  i n t e r a c t io n  in  
c l as s ,  
•  T h e  co n t en t  k no wl e d ge  o f  ch e mis t ry  f o r  m e d i c a l  s t ud e n t s  
s ho u l d  b e  r ev i s ed ,  
•  Le c t u r e r s  s ho u ld  fo l lo w th e  p r es c r i be d  b oo k ,   
•  Le c t u r e r s  s ho u ld  ha v e  b e t t e r  a t t i t u d es  t o w a rd s  s tu d en t s ,  
•  St ud e n t s ’  a s s es s me n t  mu s t  b e  m ark e d  b y m o r e  t h an  on e  
a s s es s o r ,  an d   
•  T h e r e  sh ou l d  b e  l e s s  p r a c t i c a l  w or k  a n d  m or e  t u to r i a l s  w i t h  
f e w e r  s t ud e n t s  i n  a  g r o up .   
 
4 . 2 . 2  R e sp ons e s  t o  a s s e s s m en t  o f  s t ud e n t s ’  l e a rn in g  ou t c om es  
 
T h e  ex ami n a t i on  pa p e r  ( A pp e nd ix  F )  c o n s i s t ed  o f  25  i t e m s  wi t h  a  
t o t a l  m a rk  o f  75 .  F r om  t h e  ex ami na t i on  p ap e r  37  m ar k s  ( 49 .3 %)  
w e r e  a l l o c a t e d  t o  q u es t io ns  r e qu i r i n g  d e c l a r a t i v e  kn ow le d ge  a n d  38  
m a rk s  (5 0 . 7 % )  t o  q u es t io ns  r e qu i r ing  p r o c e du r a l  k no wl e d ge .  F rom 
A p p en d ix  C ,  t h e  h i gh e s t  m e an  s co r e  ( 0 .8 76 ,  S D =0 .3 39 1)  w a s  o n  a  
q u es t io n  r e qu i r ing  d e c l a ra t i v e  kno w le d ge .  In  t h i s  p a r t i c u l a r  
q u es t i o n ,  89 .3 % ,  (n = 10 8 )  o b t a i ne d  a  m a rk  th a t  i s  mo r e  t h an  ha l f  o f  
t h e  m a rk  a l l o c a t e d  a n d  on l y 1 0 . 7 %  (n= 1 3 )  o b t a i n ed  l e s s  t h an  h a l f  o f  
t h e  m a r k  a l l o c a t e d  t o  t h a t  q u es t i o n .   
 
T h e  lo w es t  m ea n  s c o r e  (0 .0 12 4 ,  S D=  0 .1 01 3)  w as  o n  a  qu es t ion  
r e q u i r i n g  p r o c ed ura l  kn ow l ed ge  w he re  9 8 . 3 %  o f  s tu de n t s ,  (n = 10 8 )   
o b t a i n ed  l e s s  t h a n  h a l f  o f  t h e  a l l o c a t e d  m ar k  a nd  on l y 0 . 8% ,  (n = 4)  
o b t a i n ed  ha l f  t h e  a l l o c a t e d  m a r k .  I t  i s  a l s o  i n d i c a t ed  i n  A p p en d ix  C  
t h a t  s t ud en t s  o b t a in e d  a  m e an  s co r e  o f  a b ov e  0 . 5  i n  mos t  qu es t i ons  
r e q u i r i n g  d e c l a r a t i v e  k no wl e d ge ,  how e v e r ,  i n  som e  qu e s t i on s  on  
d e c l a r a t i v e  kn o wl ed ge  m o r e  t h an  50%  o f  t h e  s t ud e n t s  o b t a i n ed  l e s s  
t h an  ha l f  o f  t he  a l l o c a t e d  m ar k .  Th i s  i n d i c a t es  t h a t  t he  s tu de n t s ’  
k n ow le d ge  wa s  po or  i n  t h e s e  pa r t i cu l a r  qu e s t i on s .  
  
T o  ob t a in  t h e  l e v e l  o f  s t ud e n t s ’  kn owl e d ge  on  H a i l i k a r i ’ s  c o gn i t i v e  
t ax o nom y a  q u a l i t a t i v e  an a l ys i s  o f  t h e  p e r f o rm an c e  o f  s tu de n t s  i n  
i nd iv i du a l  q u es t i on s  w as  em pl o ye d  f o r  s e l e c t ed  que s t io ns .  In  
a n s we r in g  q u es t io ns  1 .2 b  an d  1 .2 c  i t  w a s  d i s c ov e r ed  th a t  m a jo r i t y  o f  
s tu d en t s ,  8 9 . 3% ,  ( n= 1 08 )  w e r e  ab l e  t o  a n s we r  q ue s t i on  1 .2 c  b u t  on l y 
3 . 3% ,  (n = 4 )  o f  t hem  w e r e  a b l e  t o  so lv e  q u es t io n  1 . 2b  de s p i t e  t h e i r  
s imi l a r i t y .  T h e  c onc l us i on  t h a t  co u ld  b e  m a d e  i s  t h a t  s t ud e n t s  mi gh t  
h a v e  r em em b e re d  q u es t io n  1 . 2 c  f rom  p r ev io us  l e s so ns  b u t  w e r e  
u n ab l e  t o  a s so c i a t e  i t  w i th  qu e s t i on  1 .2 b .  In  a n s w e r i n g  qu e s t i on  2 .4  
a - c ,  s t u d en t s  h a d  an  op t io n  o f  r e c a l l i n g  f a mi l i a r  n am es  o r  a na l yz i n g  
t h e  f o rmu l as  u s in g  r u l e s  f o r  n ami n g  in o r ga n i c  com po un ds .  S t ud en t s  
 42 
w h o  us ed  t h e  ru l es  f o r  n a min g  t h e se  c o mp ou nd s  a r e  ex pe c t ed  t o  be  
a b l e  t o  an s we r  qu es t io n  2 .4 d  w h i l e  t ho s e  w ho  c ou l d  n o t  a r e  a s s um ed  
t o  h av e  r e l i e d  on  r e m em b er in g  th e  na m es  o f  t h es e  co mp o un ds .  In   
q u es t i o ns  2 . 4  a - c ,  5 2 .1 %  o f  t h e  s tu d en t s ,  ( n =6 3 )  w e r e  ab l e  t o  ob t a i n  
m o re  t h an  h a l f  o f  t h e  t o t a l  m a rk  a l l o ca t e d  a nd  f r om  th i s  o n l y 2 8 .1% 
( n = 34 )  w e r e  a b l e  o b t a in  a t  l e a s t  h a l f  o f  t h e  m a rk  a l l o c a t e d  t o  
q u es t io n  2 .4 d .  S t ude n t s  w ho  w e re  ab l e  t o  an s w er  q u es t io n  2 .4 a - c  bu t  
c o u l d  n o t  a ns w er  q u es t io n  2 . 4d  a r e  a s su me d  t o  h a v e  ob t a in e d  t he  
c o r r e c t  a ns w e r  b y c h a n c e .  
 
M a jo r i t y  o f  s t ud e n t s  w e r e  a b l e  t o  s t a t e  Bo yl e ` s  l a w ,  how e v e r  f r om 
t h es e  s tu d en t s  o n l y  2 1 . 5 %,  ( n= 26 )  c ou l d  re a l i z e  t h e  d ev i a t i o n  o f  t he  
ex p e r im e n t a l  r e su l t s  f ro m th e  l a w d es p i t e  t h e  f a c t  t h a t  wor d s  su c h  as  
i nv e r s e l y  p r o po r t i o n a l  w e r e  us e d  i n  t h e i r  s t a t e m en t s  o f  t he  l a w.  
S i mi l a r  r e su l t s  w e re  o b t a i n ed  i n  a ns we r in g  q u es t io ns  3 .2 .  M aj o r i t y  
o f  s tu d en t s  ( 72 .2 %)  w e r e  a b l e  t o  s t a t e  L e  C ha t e l i e r ’ s  p r i nc ip l e  bu t  
c o u l d  no t  u s e  i t  t o  i n t e r p r e t  t h e  ob se rv a t io ns  f r om  a n  ex p e r i m en t  i n  
a n s we r in g  q u es t io n  3 . 2 .  Th e  f a c t  t h a t  t h i s  l a r ge  nu mb e r  o f  s t ud e n t s  
c o u l d  on l y s t a t e  t h e  l a w bu t  we r e  un a b l e  t o  i n t e rp r e t  t h e  
ex p e r im e n t a l  d a t a  r e l a t i n g  t o  t h e  l a w  co u ld  s im pl y  m e an  t h a t  
s t u d en t s  r e s o r t ed  t o  r ep r od u c t i on  o f  t h e  s t a t e m en t s  o f  t h e  l aws  
w i t ho u t  u nd e rs t and in g  th e i r  m e an ing .  H o w ev e r  i f  s t u d en t s  we r e  
o p e r a t i n g  a t  a  h i gh e r  c o gn i t i v e  l ev e l  t h e y w o u l d  ha v e  r e a l i z ed  t he  
i n co ns i s t en c y b e t we e n  th e  l a w  a nd  t he  g i v e n  d a t a  i n  3 .1 a  a nd  th e y  
w o u l d  ha v e  b e en  a b l e  t o  an s we r  q u es t io n  3 .2 .   
 
Q u e s t i on  3 . 1b  r e qu i r ed  th e  a pp l i c a t i on  o f  c o nc e p t s  i n  w h ic h  s t ud e n t s  
w e r e  s up po s e  t o  ca l c u l a t e  t h e  v o l ume  o f  a  ga s  w h en  th e  p r e s s u r e  
c h a n ge s  g i v en  a  s e t  o f  i n i t i a l  v o lu m e  an d  p r es su r e  a t  c on s t an t  
t em p e r a tu r e .  In  t h i s  qu es t i o n ,  8 7 . 6 % ( n = 1 06 )  ob t a in e d  m o r e  t h an  
h a l f  t h e  a l l o c a t ed  m a rk .  S tu d en t s  who  u nd e rs to od  w h a t  t h e y w e r e  
w r i t i n g  a n d  wh o  re f l e c t ed  o n  wh a t  t h e y w e r e  d o i n g  w o u l d  h ave  
r e a l i z ed  f r om  t h e  v a lu es  o f  t h e  i n i t i a l  a nd  f i n a l  s e t s  o f  v a r i ab l es   
t h a t  an  i n c r e a se  i n  p r es su r e  i s  r e l a t ed  t o  t h e  d e c r e a se  i n  vo lum e  o f  
t h e  ga s .  B y r e f l e c t i n g  b a c k  on  th e i r  a n s w e rs  w ou l d  ha v e  e n ab l ed  
m os t  s tu d en t s  t o  ma k e  t h e  n e c es s a r y c o r r e c t i on  t o  t h e i r  mi s t ak e  i n  
q u es t io n  3 . 1 a .  W h at  c o u ld  b e  c on c l ud ed  f r om  th i s  i s  t h a t  m a j o r i t y  o f  
s tu d en t s  l a ck  u nd er s t a nd in g  a n d  d o  n o t  r e f l e c t  on  w ha t  t h e y a r e  
d o i n g .  Th i s  b e h av io r  i s  u s u a l l y  a s s o c i a t e d  w i t h  s t ud e n t s  w h o  o p e r a t e  
a t  a  l o we r  l ev e l  o f  c o gn i t i on .  
 
Q u e s t i on s  3 .3 a  an d  3 . 3b  r e qu i r e d  s tu d en t s  t o  r e ca l l  s t o red  
k n ow le d ge .  In  t h es e  qu es t io ns ,  9 5 %,  ( n= 1 15 )  a nd  75 .2 % ,  ( n =9 1)  
r e s p ec t iv e l y s c o r e d  a t  l e as t  h a l f  t h e  a l l o c a t e d  m a rk .  T h er e  w e r e  43   
s t u d en t s  ( 35 .5 % )  w h o  c ou l d  no t  a nsw e r  q u es t io n  3 . 3 c  d e s p i t e  t he  
f a c t  t h a t  t h e  a ns w er  w a s  g i v en  to  t h em  in d i r e c t l y  i n  t h e  q u e s t i on .  In  
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t h i s  q u es t i o n  we  c an  c o n c lu d e  t h a t  s t ud e n t s  wh o  d id  no t  a n s we r  3 . 3 c  
c o r r e c t l y  r e s o r t ed  t o  gu es s in g  s in c e  t h e  q u es t io n  re q u i r e d  th em  to  
c h oo s e .  G ue ss in g  i s  a l so  us u a l l y  a s so c i a t e d  wi t h  s tu d en t s  who  
o p e r a t e  a t  t h e  l o w er  l e v e l  o f  c o gn i t i o n .  
 
Q u e s t i on s  3 .1 a  a nd  3 .2  r e qu i r e d  s tud e n t s  t o  i n t e rp r e t  r e s u l t s  f rom 
l a bo r a t o r y e x p e r im e n t s .  In  t h es e  q u es t io ns  on l y 2 1 . 5%  ( n =2 6)  
m a n a ged  t o  s co r e  a t  l e as t  h a l f  t h e  a l l o c a t ed  m a rk  i n  que s t io n  3 . 1 a  
a n d  16 .5 % ,  ( n= 20 )  i n  q u es t io n  3 . 2 .  T h es e  r e su l t s  c l e a r l y  i n d i ca t e  
t h a t  s t ud e n t s  l a ck  an a l yt i c a l  sk i l l s  a s so c i a t ed  w i t h  p r a c t i c a l  w o rk .  
 
T h e  r es po ns es  o f  s tu d en t s  i n  i nd i v i du a l  qu e s t i on s  h av e  r ev e a l e d  t h a t  
s t u d en t s  ha v e  kno w le d ge  b u t  t h e y  a r e  u n ab l e  t o  us e  a c qu i r e d  
k n ow le d ge  i n  a pp ro p r i a t e  s i t u a t io ns .  T he  co n c l us i on  th a t  c ou l d  be  
m a d e  a bo u t  t h e  ab ov e  r es u l t s  i s  t h a t  s t u d en t s  r e s o r t  t o  mem o r i z a t i on  
o f  f a c t s  a nd  p roc e d u re s  wi t ho u t  u n de r s t an d i n g  co nc e p t s .  T h i s  
t h e r e f o r e  p l a c e s  t h em  in  t h e  l o we s t  l e v e l  i n  t h e  d e c l a ra t i ve  
k n ow le d ge  d im e ns i on .  F rom  A pp end ix  C  th e  m e a n  s c o re  i n  
d e c l a r a t i v e  kn o wle d ge  q u es t io ns  wa s  2 9 . 26 %  (S D =8 . 0 2)  a n d  i n  
p r o c ed ur a l  k no wle d ge  q u es t io ns  t h e  m e an  s co r e  w a s  20 .8 5 % 
( S D =5 .7 1) .   
 
I t  i s  a l s o  i nd i c a t e d  in  Ap p en d ix  C  t h a t  t h e  g r e a t e r  p o r t i on  o f  
c o n t r i bu t io n  t ow a rd s  t h e  o v er a l l  p e r f o rm a n c e  o f  t h e  s t ud e n t  w as  
f r om  qu e s t i on s  on  d e c l a r a t i v e  k no w le d ge  f o r  mo s t  s t ud en t s .  
H o w ev e r ,  i n  11  c ase s  ( 9 . 0% )  m os t  c on t r i bu t io n  t ow a r ds  pe r f o rm an c e  
w a s  f ro m  q u es t io ns  o n  p ro c ed u r a l  kn ow l ed ge  a n d  fo r  6  ca s e s  (5 .0 %)  
c o n t r i bu t io n  o f  que s t i o ns  on  d ec l a r a t i v e  k no wl e d ge  wa s  e qu a l  t o  
t h a t  o f  p ro c e du r a l  k no wl e d ge  q u es t io ns .  In  5 8  ca se s  (4 7 . 9 %)  
c o n t r i bu t io n  o f  t he  s co r e  on  d e c l a r a t i v e  kn o wl ed ge  que s t io ns  wa s  
m o re  t h a n  th a t  o f  p r o c ed ur a l  k no wl ed ge  b y m o r e  t h an  1 0 %.  T ab le  
4 . 5  h as  a l s o  r e v e a l e d  th a t  s t ud e n t s  nu mb e r ed  45  a nd  8 5  s c o r ed  t he  
l o we s t  i n  p ro c e dur a l  kn o wl ed ge  q ue s t io ns  a n d  h a s  ob t a in e d  t h e  
l o we s t  t o t a l  m a rk  2 1 .3 %  a nd  30 % r e s p e c t i v e l y.  T h e i r  ma r ks  i n  
d e c l a r a t i v e  qu e s t i on s  w er e  13 .3 %  a nd  2 2 .0 %  r es p ec t i ve ly .  S t u de n t s  
w h o  sc o r ed  th e  h i gh e s t  m ar k  in  d e c l a r a t i v e  kn ow le d ge  qu e s t i on s  on  
t h e  o th e r  h a nd  s co re d  t h e  h i gh es t  t o t a l  m ar k .  
 
A p p en d ix  C  r e v e a l e d  t h a t  t h e  nu mb e r  o f  s t ud e n t s  wh o  s co r e d  a t  l e as t  
h a l f  t h e  t o t a l  m ar k  o f  a l l  q u es t i on s  i n  d e c l a r a t i v e  k no wl e d ge  
q u es t io ns  w e r e  63  ( 5 2 %)  a nd  t ho s e  wh o  s c o re d  a t  l e as t  h a l f  t h e  t o t a l  
m a rk  o f  qu e s t i on s  i n  p ro c e du r a l  k no w le d ge  w e re  52  ( 4 3 %) .  T h i s  
i mp l i es  t h a t  m a jo r i t y  o f  s tu d en t s  d id  w e l l  i n  qu e s t i on s  on  
d e c l a r a t i v e  k no wl ed ge .  Th e  to t a l  num b er  o f  s tu d en t s  w h o  a c h i ev e d  
t h e  r e qu i r e d  p r omo t i on a l  ma r k  o f  a t  l e as t  5 0 %  w a s  63  ( 52 % )  o f  
w h ic h  3 1  we r e  f em al e  a nd  32  m a l e .  F r o m  th i s  num b e r  3 3  s tu d en t s  
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( 5 2 . 4 %)  o b t a i n ed  l e s s  t h an  50 %  o f  t h e  t o t a l  m a r k  i n  qu e s t i on s  on  
p r o c ed ur a l  k no wl ed ge .  T h es e  s tu d en t s  w i l l  ho w e ve r  p roc e e d  to  t h e  
n ex t  l ev e l  o f  t he i r  s t ud y w h e r e  t h e  ap p l i c a t i o n  o f  a c qu i r ed  
k n ow le d ge  to  n ew  s i t u a t io ns  i s  r e q u i r ed  de sp i t e  t h e i r  w e ak  
p e r f o r ma n c e  i n  que s t io ns  o n  h i gh er  c o gn i t i v e  l e v e l .  Th i s  c ou ld  b e  
u s ed  to  ex p l a i n  t h e  h i gh  f a i l u r e  r a t e  o f  m e d i c a l  s t u d en t s  i n  
c h e mis t r y r e l a t e d  su b j e c t s  i n  h i gh e r  l ev e l s .    
 
4 . 2 . 3  R e l a t i o ns h i p  o f  s tu d en t s ’  a t t i t u d e  sc o r e s  a nd  th e i r  l ea r n i n g  
 o u t c om es  
 
T h e  r es u l t s  i nd i c a t in g  t h e  r e l a t i o nsh ip  o f  p e r fo rm a n c e  o f  s tu d en t s  i n  
e a c h  k no wl e d ge  com po n en t  a nd  t he i r  a t t i t ud e  s co r e s  a r e  d i s p l a ye d  i n   
A p p en d ix  D .   
  
T h e  mi n im um  t o t a l  m a r k  ob ta in ed  i n  d e c l a r a t i v e  k no wl e d ge  
q u es t io ns  w as  5 .3%  t h e  co r r esp on d in g  a t t i t ud e  sc o r e  w a s  86 ,  t h i s  
s c o r e  f a l l s  i n  t h e  m os t  n e ga t i v e  c a t ego r y.  T h e  m ax i mum  to t a l  m a rk  
w a s  4 8 . 0 % th e  co r re s po nd in g  a t t i t ud e  s c o r e  w as  15 1 ,  t h i s  s c o r e  f a l l s  
i n  t h e  m od e r a t e ly  p o s i t i v e  c a t e gor y.  In  p r o c e d u r a l  k n ow l ed ge  
q u es t io ns  t h e  min im um  t o t a l  m a rk  o b t a i n ed  w a s  8 . 0 %  t he  
c o r r es po nd in g  a t t i t u d e  s co r e  w as  1 05 ,  t h i s  s c o re  f a l l s  i n  t h e  m os t  
n e ga t i v e  c a t e go r y.  T h e  max im um  to t a l  m a r k  o b t a i n ed  w a s  3 4 .0 %  the  
c o r r es po nd in g  a t t i t u d e  s co r e  w as  1 41 ,  t h i s  s c o re  f a l l s  i n  t h e  m os t  
p os i t i v e  c a t e go r y.  T h e  s t ud e n t  wh o  ob t a in e d  th e  m in i mu m  m a rk  in  
d e c l a r a t i v e  kn ow le d ge  q u es t io ns  s c o r e d  h i gh e r  i n  p r o c ed u ra l  
k n ow le d ge  q u es t ion s  ( 17 .4 % ) .  O n  the  o t he r  h a nd  th e  s t ud e n t  w ho  
s c o r ed  h i gh e r  i n  de c l a r a t i v e  kn ow l edge  q u es t io ns  s c o r ed  l o we r  i n  
p r o c ed ur a l  k no wl ed ge  q u es t io ns  (2 6 . 7 % ) .  W h i l e  t h e  s t ud e n t  who  
o b t a i n ed  t h e  m ax imu m  to t a l  m a rk  i n  p ro c e du r a l  kn ow le d ge  q u es t io ns  
s c o r ed  m or e  i n  d ec l a r a t i v e  k no wl ed ge  q u es t io ns  (3 8 . 0% )  th a n  in  
p r o c ed ur a l  kn o wle d ge  q u es t io ns .  F r o m  th e s e  r e su l t s  o ne  c a n  
c o n c l ud e  th a t  s t ude n t s  w ho  h a ve  a n  u n de r s t an d i n g  o f  co n c ep t s  h av e  
a  b e t t e r  c h an c e  o f  p u t t i n g  th e i r  k no wle d ge  to  b e t t e r  u s e .   
 
4 . 2 . 3 . 1  C o r r e l a t i o n  A n a l ys i s   
 
P e a r s on ’s  c o r r e l a t i o n  a n a l ys i s  r e su l t s  f o r  t h e  r e l a t i ons h i p  be tw e e n  
s tu d en t s ’  a t t i t ud es  t o w a rd s  ch e mis t ry  a n d  t h e i r  p e r f o r m an c e  in  
d i f f e r en t  k no wl e d ge  c om po n en t s  a re  d i s p l a ye d  i n  T ab l e  4 . 3 .  T h e  
r e s u l t s  o f  t h e  r e l a t i on sh ip  b e t w e en  s t ud e n t s ’  a t t i t u d es  an d  th e i r  
l e a rn in g  ou t com e s  o n  t h e  b as i s  o f  t he i r  p e r fo r ma n c e  in  d e c l a r a t i v e  
k n ow le d ge  a nd  p ro c e du r a l  k no wl ed ge  q u es t i ons  s ho we d  th a t  a l l  
t h re e  v a r i ab l es  a r e  i n t e r - co r r e l a t e d .  T h es e  c o r r e l a t i on s  a r e  p os i t i ve  
a n d  mo d er a t e l y s i gn i f i c an t .  
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T a b l e  4 .3  Co r r e l a t i o n  b e t w e en  a t t i t u d es  t ow a r ds  c h emi s t ry   
       w i t h  p e r f o rm anc e  in  d i f f e r en t  k now l ed ge  c omp on e n t s .  
_ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ _  
 V a r i a b l e       A t t i t ud e           D e c l a r a t i v e    P r o c ed u ra l       
r  
_ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ _  
 A t t i t ud e         1 .0 00       0 . 61 7*     0 . 48 5*   
  
 D e c l a r a t i v e        0 .6 17 *              1 .0 00     0 . 45 0*  
 
 P r o c ed u ra l          0 .4 85 *             0 .4 50 *     1 . 00 0  
_ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ _  
* P < .0 1  
 
T h e  mu l t i p l e - co r r e l a t i on  w as  0 .6 59  wh i c h  i s  a  mo de r a t e  co r r e l a t i o n .  
T h e  AN O V A  r e su l t s  s ho w e d  a  s i gn i f i c an t  r e l a t i o ns h i p  b e t w e en  
a t t i t ud e  s c o r e s  an d  s c o re s  i n  t h e  t wo  kn o wl ed ge  c o mp on e n t s  
( F= 3 8 . 38 2 ,  P = . 00 0 ) .  T h e  r es u l t s  su gge s t  t h a t  im pr ov in g  th e  a t t i t u d es  
o f  s tu d en t s  t o w ar d s  c h emi s t r y c o u ld  im p ro v e  th e i r  l ea r n i n g  
o u t c om es  i n  bo t h  kn o wl ed ge  c omp o nen t s .  
 
4 . 2 . 3 . 2  R e gr e s s i on  An a l ys i s  
 
M ul t i p l e  l i n e a r  r eg r e s s i on  a n a l ys i s  w a s  e mpl o ye d  t o  e s t a b l i sh  t he  
v a r i a b l e  t ha t  i s  a  s t a t i s t i c a l l y  s i gn i f i c a n t  p re d i c t o r  o f  a t t i t ud es  o f  
s tu d en t s .  Th e  r e su l t s  i n  T a b l e  4 . 4  s ho w  th e  r e g r es s i on  a n a l ys i s  o f  
a t t i t ud es  as  t h e  d e p en d en t  v a r i a b l e  a nd  t he  t wo  in d ep e nd e n t  
v a r i a b l es  (d e c l a r a t i v e  k no wl e d ge  an d  p r o c ed ur a l  kn ow le dge ) .   
 
T a b l e  4 .4  Su mm a r y  o f  mul t i p l e  r e g r es s io n  a n a l ys i s :   
       d i f f e r e n t  kn o wl e d ge  c om po n en t s  p r e d i c t i n g  a t t i t ud es   
_ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ __  
Ex p l an a t o r y  
V a r i ab l e     B             SE B          Be t a           t            s i g .   
_ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ _  
A t t i t u d e          7 8 . 09 0       5 .61 3             -       1 3 . 91 4      0 . 00 0  
      
D e c l a r a t i v e         1 .0 5 6        0 . 17 8         0 .5 00         5 .9 36      0 .0 00  
 
P ro c e du r a l          0 .7 7 0        0 . 25 0         0 .2 60         3 . 08 4      0 .0 03  
_ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ __  
 
T h e  r e su l t s  i n  T ab l e  4 . 4  s ho w  th a t  d e c l a r a t i v e  kn ow l ed ge  a n d  
p r o c ed ur a l  k no wle d ge  c o mp on e n t s  a r e  s t a t i s t i c a l l y  s i gn i f i c a n t  
p r e d i c t o r s  ac c ou n t i n g  fo r  4 3 % v a r i a n ce  i n  s t ud e n t s ’  a t t i t u des  
t o wa r ds  ch emi s t r y.   
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T h e  s t a nd a rd i z e d  re g r e s s i on  co e f f i c i en t  f o r  de c l a r a t i v e  k n ow le d ge  
w a s  1 . 05 6  a nd  0 . 77 0  f o r  p r oc e du r a l  k n ow le d ge .  Th e se  v a lu es  s how 
t h a t  d e c l a ra t i ve  kn o wl ed ge  c o mp one n t  i s  a  b e t t e r  p r e d i c to r  o f  
a t t i t ud e  t h a n  p r oc e d u ra l  kn ow l ed ge  c o m po ne n t .  Bo t h  v a r i ab l e s ,  
h o w ev e r ,  w e r e  po s i t i v e l y a n d  s i gn i f i c an t l y  r e l a t ed  t o  a t t i t u de  
ß =. 50 0 ,  P = . 00 0  f o r  d e c l a ra t i ve  kn ow l ed ge  a nd  ß =. 26 ,  P = . 00 0  fo r  
p r o c ed ur a l  k no wl ed ge .  T he s e  re su l t s  s ho w  t h a t  a t t i t ud e s  o f  s t ud e n t s  
w i l l  a f fe c t  s t u d en t s ’  p e r f o rm an c e  in  bo th  k no wl e d ge  comp o ne n t s .  
 
4 . 2 . 4   R e l a t i o ns h i p  o f  ov e r a l l  p e r f o rm an c e  s c o r e  o f  s tu d en t s  
a n d  th e i r  p e r f o r ma n c e  i n  d e c l a r a t i ve  a n d  p ro c ed u r a l  k no wl e d ge  
c o mp on e n t s .  
 
4 . 2 . 4 . 1  C o r r e l a t i o n  A n a l ys i s   
 
P e a r s on ’s  c o r r e l a t i o n  a n a l ys i s  r e su l t s  f o r  t h e  r e l a t i ons h i p  be tw e e n  
s tu d en t s ’  ov e r a l l  pe r f o rm an c e  an d  t h e i r  p e r fo rm a nc e  i n  d i f f e re n t  
k n ow le d ge  com p one n t s  a r e  d i sp l a ye d  in  Ta b l e  4 .5 .  
 
C o r r e l a t i o ns  ob s e rv e d  am on g  th e se  v a r i a b l es  sh ow ed  th a t  t h e  
r e l a t i on sh ip  o f  de c l a r a t i v e  k no wl ed ge ,  r = .9 01  a nd  p r o c ed u ra l  
k n ow le d ge  c om po ne n t s ,  r = . 79 0  w i t h  ov e r a l l  p e r fo rm a n c e  a r e  h i gh l y 
c o r r e l a t e d .  Ho w ev er ,  t h e  c o r r e l a t i o n  be t w e en  d e c l a r a t i v e  k no wl e d ge  
c o mp on e n t  an d  p ro c e du r a l  kn o wl ed ge  c o mp on e n t  wa s  m od e r a t e ,  
r = 0 .4 50 .  
 
T a b l e  4 . 5  Co r r e l a t i o ns  be tw e e n  p e r f o rm a n c e  in  c h emi s t r y w i t h  
p e r f o r ma n c e  in  d i f fe r e n t  k no wl e d ge  com po n en t s .  
_ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ _  
V a r i ab l e    P e r fo rm a n ce   D e c l a r a t i v e   P ro c e du r a l    
r  
_ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _  
P e r fo rm a n ce    1 . 00 0          0 .9 01 *        0 . 79 0*   
  
D e c l a r a t i v e   0 . 90 1*              1 .00 0         0 . 45 0*      
 
P ro c e du r a l      0 . 79 0*              0 .45 0 *               1 . 00 0  
_ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ _  
* P < .0 1  
 
4 . 2 . 4 . 2   R e gr es s io n  A n a l ys i s  
 
M ul t i p l e  r e g r e s s io n  a na l ys i s  w a s  e m pl o ye d  t o  e s t ab l i s h  t he  
r e l a t i on sh ip  b e tw e e n  ov e r a l l  pe r f o rm an c e  a nd  k n ow l ed ge  
c o mp on e n t s .  Re su l t s  a r e  d i s p l a ye d  i n  T a b l e  4 .6 .   
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T a b l e  4 .6  Su mm a r y  o f  Re gr e s s io n  An a l ys i s :  D i f f e r en t  kno w le d ge     
              co mp on en t s  p r ed i c t i n g  o v era l l  s c o re  
_ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ _  
N = 1 03  
Ex p l an a t o r y  
  V ar i ab l e s   B    S E B   Be t a         t      s i g .   
_ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ _  
P e r fo rm a n ce   0 . 21 3         0 .2 16       -            0 . 81         0 . 41 8  
   
D e c l a r a t i v e  1 . 00 2         0 .0 08         0 .6 84      1 20 .8 9 3     0 .0 00  
 
P ro c e du r a l          0 .9 9 0         0 .0 12         0 .4 82       8 5 . 11 6      0 . 00 0  
_ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ ___ _ __ __ _  
 
T h e  r es u l t s  o f  t he  p r e d i c t i o n  o f  pe r f o rm an c e  o n  t he  b a s i s  o f  
p e r f o r ma n c e  in  d ec l a r a t i v e  kn o wl edge  a n d  p ro c e du r a l  k no wl e d ge  
q u es t io ns  sh o we d  th a t  a l l  t h r e e  v a r i a b l e s  a r e  i n t e r - co r r e l a t e d  an d  a l l  
t h es e  c o r r e l a t i on s  a r e  s i gn i f i c an t  ( T ab l e  4 . 6 ) .  T he  A N OV A  r e s u l t s  
s ho w s  a  s i gn i f i ca n t  r e l a t i o ns h i p  b e t we e n  p e r f o rm an c e  an d  t h e  t wo  
k n ow le d ge  c omp on e n t s  ( F= 19 51 1 . 226 ,  P = . 00 0 ) .  Th e  s t a nd a rd i z e d  
r e g r e s s i on  c oe f f i c i e n t  fo r  de c l a r a t i v e  k n ow l ed ge  w a s  1 .0 0 2  an d  f o r  
p r o c ed ur a l  kn o wl ed ge  0 .9 90 .   Th e s e  v a l u es  s h ow  t h a t  d e c l a r a t i ve  
k n ow le d ge  c om po ne n t  i s  a  b e t t e r  p r ed i c to r  o f  ov e r a l l  pe r f o rm an c e  
t h an  p r o c ed ur a l  kn o wl ed ge  c om po n en t .  Bo t h  v a r i ab l es ,  ho w ev e r ,  
w e r e  p os i t i ve l y a n d  s i gn i f i c a n t l y  r e l a t e d  t o  ov e r a l l  p e r fo rm a n ce .   
 
4 .3  Conclus ion  
 
In  t h i s  c h ap t e r  t he  e mp i r i c a l  r e su l t s  h a v e  sh ow n  t ha t  m a j o r i t y  o f  
s tu d en t s  h av e  nega t iv e  a t t i t ud es  t o w a rd s  c h emi s t r y  a n d  th e i r  
l e a rn in g  o u t co m es  i s  o n  th e  d e c l a ra t i ve  l e ve l .  I t  w a s  a l so  s ho w n  th a t  
r a t i n g  s tu d en t s  b as e d  o n  th e i r  o v e r a l l  a c h i ev em e n t  s c o r e  i s  n o t  a  
go o d  i d e a  o f  a s se s s i n g  s tu d en t s .  T h er e  i s  t h e r e fo r e  a  n e e d  t o  ad dr e s s  
f a c to r s  i n f l ue n c i ng  a t t i t ud es  o f  s t ud e n t s  a nd  to  as s es s  s t ud en t s  
o b j e c t iv e l y.  In  c h a p t e r  5  s um ma r i e s  co nc lu s i on s  a nd  
r e c om m en da t i ons  r e ga r d in g  t h e  imp l i c a t i on s  o f  t he  r e su l t s  o f  t h i s  
s t u d y t o  t e a ch in g  an d  l e a r n i n g  w i l l  b e  m ad e .    










Discuss ion  of  the  Resul ts ,  Recommendations  and 
Conclus ion 
 
5 .1  In t roduct ion  
 
T h e  p r e s en t  c h ap t e r  p r ov id e s  t he  d i s c us s io n  o f  t h e  r e su l t s ,  
r e c om m en da t i ons  b a s ed  o n  th e  f i nd in gs  f r om  t he  re s u l t s  a nd  
c o n c l us i on .  In  t h e  d i s c uss io n  o f  t h e  r e s u l t s  t h e  f i nd i n gs  e m a n a t i n g  
f r om  t h i s  s t ud y w i l l  be  h i gh l i gh t ed  a nd  c omp a r e d  wi th  f i n d i n gs  f rom 
p r e v io us  s i mi l a r  w o r k .  Su gge s t io ns  t ha t  wi l l  he l p  i n  t h e  
i mp ro v em en t  o f  t e a ch in g  a nd  l e a r n in g  wi l l  b e  p r o v i de d  as  
r e c om m en da t i ons .   T h e  s e c t i on  o n  co n c l us i on  wi l l  b e  l i m i t e d  t o  
s u gge s t io ns  r e l a t i n g  to  t e a c h in g  an d  l e a rn i n g  a t  un iv e r s i t y  o f  
Li m p o po  a nd  th e  i mp l i ca t i ons  o f  t h i s  s t u d y t o  t h e  ed u c a t i on  in  
ge n e r a l .  Th e  s t udy  f o c u s e d  on  med i c a l  s t u d en t s  a t  a  H i gh e r  
E d uc a t io n a l  In s t i t u t i o n  in  Ga u t e n g  o n ly  a n d  t h e  r es u l t s  can  th e r e f o r e  
n o t  b e  ge ne r a l i z ed  t o  i n c l ud e  s t ud e n t s  a t  o th e r  h i gh e r  i n s t i t u t i o ns .   
 
5 .2  Discuss ion  of  the  Resul ts  
 
T h e  pu rp os e  o f  t h e  s tu d y w a s  t o  a s s es s  t h e  r e l a t i ons h i p  o f  a t t i t ud e  
o f  f i r s t  ye a r  m e d ic a l  s t ud e n t s  a t  a  H i gh e r  Ed u ca t i on  In s t i t u t i o n  a t  
G a u t e n g  in  ch e mi s t r y a n d  t h e i r  l e a r n i n g  ou tc om e s .  T h i s  w as  
a c c om pl i sh e d  b y a s s e s s i n g  s t ud e n t s ’  a t t i t ud es  us in g  a  s e l f  d e v e lo p ed  
c h e mis t r y a t t i t u d e  q u es t io nn a i r e  and  a n  ex am in a t i on  w h i c h  w a s  
d e s i gn e d  u s in g  H a i l i k a r i ’ s  mo de l  o f  p r i o r  k no wl e d ge .  T he  
b a c k gr ou nd  o f  t h e  s t ud e n t s  an d  a  l i t e r a t u r e  r ev i e w we r e  us ed  t o  
p r ov id e  a  co n c ep tu a l  f r am e w or k  t ha t  w as  us ed  to  ad d r es s  t h e  
p r ob le m.  F ro m t h e  r e s u l t s  i t  w as  r ev e a l e d  th a t  s t u de n t s ’  pe r f o rm an c e  
i n  c h emi s t r y i s  m os t l y  d u e  to  t he i r  go o d  pe r f o r m an c e  in  qu es t ions  
r e q u i r i n g  f a c tu a l  kn o wl ed ge  t ha n  i n  q u es t io ns  r eq u i r i n g  p r o c ed ur a l  
k n ow le d ge .  T h i s  co u l d  b e  as s o c i a t e d  w i t h  t h e  f a c t  t h a t  w h en  t h e y  
p r o c ee d  wi th  t he i r  s t ud i e s  t h e y  a r e  u n ab l e  t o  us e  t h i s  k n o wl ed ge  
w h ic h  i s  s t o r ed  a s  i s o l a t e d  f r a gme n t s .  
 
T h e  f i nd i n gs  em an a t in g  f r om  th e  an a l ys i s  o f  t h e  r esu l t s  a r e  a s  
f o l l o w s :  
 
T h e  r e su l t s  o f  t h i s  s t ud y h a v e  r e v e a l e d  t ha t  m e d i c a l  s t ud e n t s  a t  t he  
H i gh e r  Ed u c a t i on  In s t i t u t i o n  i n  t h i s  s t ud y h a v e  n e ga t iv e  a t t i t u des  
t o wa r ds  ch em is t r y.  In  c h a p t e r  2  s eve r a l  v a r i a b l es  f rom  p r e v i ous  
s tu d i es  w e re  f ou nd  to  i n f lu e n ce  th e  a t t i t u d es  o f  s tu d en t s  t o wa rds  
s c i e n c e  i n  gen e r a l .  In  t h e  c u r r e n t  s t u d y t h e  a n a l ys i s  o f  r e s u l t s  
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i nd i c a t ed  th a t  f a c to r s  su ch  a s  t h e  t e a c h i n g  m et ho d ,  t h e  l e c t u r e r ,  
l a bo r a t o r y p r a c t i c a l  wo r k ,  a s s es sm en t  a n d  co n t en t  a r e  am on g  f a c to r s  
t h a t  a f f e c t  t h e  a t t i t ud e  o f  f i r s t  ye a r  s tu d en t s  i n  t h i s  s t u d y t o w a rds  
c h e mis t r y.  
 
T h e  s tu d y o f  A n v ik  e t  a l .  (2 00 7)  on  m e d i c a l  s t u de n t s  a t  m e d i c a l  
s c ho o l s  i n  No r w a y h a d  re v e a l ed  th a t  m e d i c a l  s t u de n t s  a t  No r w a y 
a l so  h av e  n e ga t i v e  a t t i t ud es  t o w a rd s  a  s ub j ec t  f r om  a no th e r  f i e ld .  
A c c o rd in g  t o  A nv ik  e t  a l .  2 00 7  th e  ne ga t iv i t y  o f  s tu de n t s  i n  m ed ic a l  
s c ho o l s  i n  No r w a y t o w a rd s  co mmu nic a t i on  s k i l l s  w as  n o t  b e c au s e  
t h e y a r e  n o t  a w a re  o f  t h e  b en e f i t s  o f  u s i n g  th es e  sk i l l s  w h e n  s e e i n g  
p a t i en t s  bu t  b e c aus e  o f  t he  w a y s u c h  s k i l l s  w e r e  t au gh t .  T h e  s am e  
w a s  a l so  ev id e n t  i n  t h i s  s t ud y w h e n  ma j o r i t y  o f  s t ud e n t s  w e r e  sh ow n  
t o  h av e  n e ga t iv e  a t t i t ud e  t o w a rd s  che mi s t r y  d e s p i t e  r ep o r t i n g  t ha t  
c h e mis t r y i s  d e f in i t e l y  i m p o r t an t  i n  m e d i c i n e .  Mo s t e r t  ( 2 00 6 )  a l s o  
d i s c ov e r ed  th a t  med i c a l  s t u d en t s  a t  S t e l l en bo sc h  Un iv e r s i t y ,  S o u t h  
A f r i ca  h a d  ne ga t iv e  a t t i t u d es  t o w ar d s  b io s t a t i s t i c s  b e c a us e  o f  
c o n t e n t  a nd  t h e  w a y i t  w as  t au gh t .  S t ud e n t s  a t  S t e l l en bo s ch  
U n iv e r s i t y  r e ga r d e d  t h e  su b j e c t  c on t en t  a s  s t r i c t l y  s t a t i s t i c s  wi th  no  
r e l ev a n c e  t o  t h e i r  f i e l d  o f  s tu d y.   
 
T h e  e f f e c t  o f  t e a ch in g  m eth od  on  s tu d en t s ’  a t t i t u de s  i n  t h i s  s t u d y  
w a s  r e v ea l ed  in  bo th  t he  o p en  a n d  c l o se  e n d ed  q ues t io ns .   A s  
i nd i c a t ed  in  c h ap te r  2  s om e  r e s ea r ch e r s  a r e  a l so  n o t  i n  f av ou r  o f  
l e c t u r e  a s  a  t ea c h in g  m et ho d  t he y b l a m e  t h i s  t e a c h i n g  s t r a t e g y f o r  
t h e  n e ga t i v e  r e a c t io ns  o f  s tu de n t s  t owa r d s  a  s ub j e c t  a nd  i t s  i n ab i l i t y  
t o  c u l t i v a t e  t r an s fe r a b l e  s k i l l s  t o  s tu de n t s .  In  t h e  s t ud y o f  T yn j ä l ä  
( 1 99 9 )  a  co mp a r i son  b e t w ee n  s t ud e n t s  i n  t h e  c on s t r uc t iv i s t  l ea r n i n g  
e n v i ro nm e n t  an d  in  a  t r ad i t i on a l  l e a r n in g  e nv i r on me n t  w e r e  m ad e  
a n d  th e  r e su l t s  ha v e  s ho w n  t h a t  s t ud e n t s  i n  t h e  con s t r uc t iv i s t  
l e a rn in g  e n v i r onm en t  a c qu i r e d  m o r e  d iv e r s i f i ed  k no wl ed ge  t h a n  i n  
t h e  t r ad i t i o n a l  l e a r n in g  e nv i ro nm en t .  T he  e f f e c t  o f  i n s t r uc t io n a l  
s t r a t e g y o n  a c qu i s i t i o n  o f  k no wl ed ge  a n d  a t t i t u d e  w a s  a l s o  re po r t ed  
b y K l e i n  &  S ch n a ck e nb e r g  ( 2 00 0) .  The  s tu d y  o f  Y e ;  S koo g  a n d  Zh u  
( 2 00 0 )  o n  Ch i n es e  s e c on da r y s c h oo l  s tu d en t s  yi e l d e d  co n t r ad i c t i n g  
r e s u l t s .  In  t h e i r  s t u d y i t  w as  s ho w n  t h a t  t e a ch in g  m et ho d  d o es  no t  
h a v e  a  s i gn i f i c an t  i n f lu e n c e  o n  s tu d en t s ’  a c h i ev em e n t  an d  a t t i t ud es  
t o wa r ds  s c i en c e  l ea r n i n g .  Th i s  w as  a l so  c on f i r me d  b y  E b en ez e r  & 
Zo l l e r  ( 19 93 )  w ho  f o un d  ou t  t ha t  t e a ch in g  m e th od  h as  no  e f f e c t  on  
s tu d en t s ’  a t t i t u d es  t o wa r ds  s c i en c e  t e a c h i n g  in  sp i t e  o f  u s i n g  t h e  
c o ns t r u c t i v i s t  ap p r o a c he s  wh i c h  i s  h i gh l y r e c o mm en d ed  a s  an  
e f f e c t iv e  t e a ch in g  s t r a t e g y.  T h e  d i f f e r e n c e  i n  r es u l t s  f r om  t h ese  
s tu d i es  co u l d  b e  t h e  f a c t  t h a t  d i f f e re n t  a pp r o ac h es  a r e  n e e de d  fo r  
d i f f e r en t  t o p i cs  o f  t h e  s am e  s ub j ec t s .  I t  i s  t h e re f o re  r ec o mm en d ed  
t h a t  t h e  t ea c h i n g  m et ho d  us e d  s ho u ld  b e  d i c t a t ed  b y t h e  l e a rn i n g  
o b j e c t iv e  a nd  t h i s  m us t  co r r e l a t e  w i t h  a s s e s sm e n t  m eth od  us e d .   
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M a n y r e s e a r c he r s  i n  e d uc a t io n  b e l i e ve  t h a t  u s i n g  a  s i n g l e  t ea c h i n g  
m et ho d  i s  r e l a t i v e l y i n e f f e c t iv e  a nd  n o t  s t im u l a t in g  to  s tu de n t s .  
S t ud e n t s  i n  t h i s  s t ud y d e c l a r ed  t he  l e c t u re  m et ho d  a s  no t  s t im u l a t in g  
a n d  r e c omm e nd ed  a  t ea c h i n g  m et ho d  t h a t  w ou ld  i n vo lv e  t h e m m o r e .  
T h e  in e f f ec t i ve n ess  o f  t h e  l e c tu r e  m et ho d  w as  r e v e a l e d  i n  t h e  
r e s u l t s  o f  t h i s  s t ud y w h e r e  s tu d en t s  w e r e  aw a r de d  a  p a s s  r a t i n g  
d e sp i t e  t h e i r  i n ab i l i t y  t o  d i sp l a y a  s a t i s f a c to r y p e r fo r ma n c e  in  
q u es t io ns  o n  p r oc e d u ra l  k no w le d ge .  In n o v a t iv e  a pp r o a ch es  i n  
t e a ch in g  a r e  t he r e fo r e  r e qu i r e d  t o  com pl em e n t  a n y t e a c h in g  m et ho d  
e s p e c i a l l y  i n  l a r ge  g r o up  o f  s tu de n t s  w h er e  t h e  l e c tu r e  m et ho d  i s  
m os t  a pp r op r i a t e .  T h es e  me th od s  sho u l d  a l s o  b e  a c com p an i e d  b y  
a s s es s m en t  s t r a t e g i e s  t h a t  s up po r t  cogn i t i v e  g r o wt h  o f  s tu d en t s  t o  
h i gh er  l e v e l s .   
 
In  t h e  o p en  e nd e d  q u es t io nn a i r e  som e  s tu d en t s  i nd i c a t e d  th a t  t h e  
s yl l a bu s  s ho u ld  b e  r e v i e w ed .  S om e  s tu d en t s  a l s o  co mm e nt ed  tha t  
s om e  to p i cs  a r e  i r r e l e va n t  f o r  t h em  as  m ed i c a l  s t u d en t s .  T h i s  c ou ld  
b e  du e  t o  t h e  l a c k  o f  u s i n g  ex a mpl e s  a n d  s i t u a t io ns  i n  t h e  m ed i c a l  
c o n t ex t  w h i ch  co u l d  b e  a s s oc i a t ed  w i t h  t h e  t r ad i t i o na l  t e a ch in g  
m et ho d .  I t  i s  t he r e f o r e  r e c omm e nd e d  t h a t  a n  i n t e r d i s c i p l i n a r y 
c u r r i c u l a r  a nd  an  in t e g r a t i v e  l e a r n i n g  s t yl e  s ho u ld  be  em pl o ye d  i n  
o r d e r  t o  a s s i s t  s t ud e n t s  t o  r e a l i z e  t h e  l i nk  b e t w e en  d i f f e r en t  
d i s c i p l i n es .  T h i s  c o u l d  h e l p  s tu d en t s  t o  r e l a t e  wh a t  t h e y h a v e  
l e a rn e d  in  c l a s s  t o  s i t u a t io ns  e n co un t e r e d  i n  ev e r yd a y  l i f e .  Le c t u r e r s  
s ho u l d  a i m  a t  c ove r in g  t h e  d ep th  i n s t ea d  o f  t h e  b r e ad th  o f  a n y  
s ub j ec t  m a t t e r  a nd  h e lp  a dv a n c e  k now l ed ge  o f  s t ud en t s  t o  h i gh e r  
l e v e l s .  I t  i s  t h e r e fo r e  r e co mm en d ed  th a t  s t ud e n t s  sh ou ld  b e  t au gh t  
u s i n g  m e th ods  t h a t  i n co rp o r a t e  i n t e r ac t i v e  en ga ge m e n t  o f  s tu d en t s  
w h ic h  wi l l  r e qu i r e  t h a t  s t u d en t s  s ho u l d  a l s o  t a ke  t h e  r es po ns ib i l i t y  
o f  l e a rn i n g  o u t s id e  o f  c l a s s  t o  r e t a i n  co u rs e  co n t en t .      
 
M a jo r i t y  o f  s t ude n t s  i n d i c a t e d  tha t  t he y w e r e  on l y s t ud yi n g  
c h e mis t r y b e c a u s e  i t  i s  a  r e qu i r em en t .  Th e  s a me  ob s e r v a t io n  w as  
m a d e  b y S mi th  i n  C oo k  & M ul v i h i l l  ( 2 00 8 )  wh o  r e ve a l ed  t h a t  mos t  
n o n- s c i en c e  m aj o r s  e n r o l l  i n  s c i e n ce  c o ur s es  t o  f u l f i l l  a  ge n er a l  
e d u c a t i on  o r  m a jo r  r e qu i re m en t  a n d  no t  b e ca us e  t h e y h a v e  a  
p e r so n a l  i n t e r e s t  i n  s c i e n c e .  Th i s  w i l l  t h e r e f o r e  r eq u i r e  t h a t  s c i e nc e  
t e a ch e r s  wh o  a r e  t ea c h in g  n o n- s c i en c e  s t ud e n t s  s ho u ld  ma k e  s c i e n c e  
t o  b e  s t imu l a t i n g  a n d  f un  t o  t h em f o r  t h e m to  h a ve  d es i ra b l e  
a t t i t ud es .  T h i s  w as  a l s o  r ev e a l e d  in  t h e  s tu d y o f  Y o u n g ( 2 00 2 )  w ho  
s ho w e d  th a t  s t u d en t s  w ho  ch os e  t o  s tu d y s c i en c e  as  t h e i r  sp e c i a l i s t  
s ub j ec t  h a d  a  muc h  mo r e  p os i t i ve  a t t i t ud e  t ow a r ds  sc i e nc e  t h an  
t ho s e  wh o  w e r e  ob l i ge d  to  i n c lu d e  i t  i n  t h e i r  c u r r i c u l um .  
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M a jo r i t y  o f  s t ud e n t s  ex p r es s e d  a  ne ga t i v e  f e e l i n g  to w a rd s  p r a c t i ca l  
w o r k  wi th  s om e  s t a t i n g  t h a t  c h emi s t r y p r a c t i ca l  wo r k  i s  n o t  
i mp or t an t  f o r  m e d i c a l  s t ud e n t s .  Th e  u s e  o f  ex pos i t o ry  t e a c h i n g  
s t r a t e g y f o r  l a bo r a t o r y c l a s s es  h as  be e n  c r i t i c i z ed  f o r  i t s  l a c k  o f  
a d v an c i n g  s tu d en t s  t o  h i gh er  co gn i t i ve  l ev e l s .  T h i s  w as  c o n f i rm ed  in  
t h i s  s t ud y w h e n  s tu d en t s  w er e  un a b l e  t o  i n t e r p re t  ex p e r im e n t a l  d a t a  
o r  no t i c e  i r r e gu la r i t i e s  i n  p r a c t i c a l  d a t a .  In  t h e  s t ud y o f  K a ya ,  
( 2 00 5 )  s t ud e n t s  a t  u n i v e r s i t i e s  a t  An ka r a ,  Tu rk e y,  d e v e lo p ed  b e t t e r  
a t t i t ud es  t o w ar d  ch e mis t r y l a b o r a to ry  w o r k  a f t e r  u s i n g  t he  me th od  
t h a t  e n ab le d  th em  t o  c ons t ru c t  n e w  k no wl e d ge  f r om  t h e i r  
ex p e r i en c es  i n  t h e  l a bo r a t o r y.  T h i s  me t ho d  h as  a l s o  b e en  p r ov e d  to  
i mp ro v e  s tu d en t s ’  c o n c e p tu a l  u nd er s t a nd in g .  R es e a rc h e r s  h a ve  
i nd i c a t ed  t ha t  p r a c t i c a l  w or k  s ho u ld  b e  a  m e an in gf u l  ac t i v i t y  t h a t  
s up po r t s  t h eo r e t i c a l  c on c ep t s  f rom  the  l e c t u r e  c l a s s es  an d  i f  t h i s  i s  
d o ne  th ro u gh  v e r i f i c a t i o n  m eth od  o f  t e a ch in g  th i s  i s  un l ik e l y t o  b e  
a c h i e v ed .  S t ud e n t s  h a v e  a l s o  i n d i c a t ed  th a t  t h e  t he o r y e x p l a i n ed  in  
c l as s es  d i d  no t  sup p or t  t h e  l a bo r a t o r y  p r a c t i c a l  ex p e r im e n t s .  Th e  
p e r f o r ma n c e  o f  t h e  s tu d en t s  i n  p ra c t i c a l  w or k  a l so  d i d  n o t  r e f l e c t  
t h e i r  u nd e rs t a nd ing  o f  t h e  wo rk  do ne .  Th e  p e r fo r ma n ce  o f  s t ud e n t s  
i nd i c a t ed  l a c k  o f  an a l yt i c a l  r e a so n i n g  w h i c h  a cc o rd i n g  to  Ki t ch en ,  
Be l l ,  R e ev e ,  Su d we e d s  &  Br ads h a w,  ( 2 00 3)  i s  n o t  p oss ib l e  un l e s s  
h a nd s -o n  l a bo r a to r y e x p e r i en c e ,  i n s t ru c t io na l  m e t ho ds  a nd  
a s s es s m en t  sp e c i f i ca l l y  d e s i gn ed  t o  f os t e r  i t  a r e  e mp lo ye d .  T h i s  w as  
s ho w n  in  t h e  ex am in a t io n  p ap e r  whe n  m ajo r i t y  o f  s tu d en t s  w e re  
u n ab l e  t o  i n t e rp r e t  ex p e r i m en t a l  d a t a  i n  a ns w e r in g  o n e  o f  t h e  
q u es t io ns .  D a v i s ,  (2 0 04 )  i n d i c a t e d  th a t  s t u d en t s  h o ld  d i f fe r e n t  v i ews  
a b ou t  t h e  p ro b l em s  a nd  b e ne f i t s  o f  c h e mi s t r y  p r a c t i c a l s  a nd  
t h e r e f o r e  r e c om men d ed  t h a t  t h es e  s hou ld  b e  t ak e n  in t o  co ns id e r a t i on  
w h e n  d ev e l op i n g  ch e mis t r y p r o gr a m.   
 
P r ep a r a t i on  fo r  a  p r o f es s io n  r eq u i r es  t h e  i n t e g r a t i o n  o f  t h e o re t i c a l  
a n d  p r a c t i c a l  kn ow l ed ge .  S t ud i es  h a v e  sh o wn  t h a t  k no wl e d ge  
a c q u i s i t i on  p ro c es s  s t a r t s  e a r l y  i n  i n fa n c y a n d  i s  b a s ed  on  
i n t e rp r e t a t i o ns  o f  ev e r yd a y  e x p e r i en c e .  I f  t h e  k n ow l ed ge  b a s e  o f  o u r  
m e d i c a l  p r a c t i t i one r s  i s  a t  t h e  l ow es t  l ev e l  w e  a r e  l i k e l y t o  h av e  
d o c t o r s  wh o  a r e  a b l e  t o  s a v e  t he  l i v e s  o f  p a t i e n t s  wi th  he a r t  a t t a cks  
b y p e r f o rmi n g  CPR  o n  th em  b u t  a re  u na b l e  t o  s a v e  t he i r  o wn  l i v es  
w h e n  f a c ed  w i th  t he  s a m e  s i t u a t i on  be c a u se  t h e y  d o  n o t  u n d e rs t a nd  
t h e  u nd e r l yi n g  c o n c e p t  b eh in d  CPR .  A c c o r d in g  t o  W igg i n s  &  M c 
T i gh e  i n  T a nn e r  &  A l l e n  (2 00 5)  w h en  s tu d en t s  u n de r s t and  th e y w i l l  
t h en  b e  ab l e  t o  ex p l a i n ,  i n t e r p r e t  an d  a pp l y a c q u i r ed  k n ow l ed ge .  
O t he r  s t ud i es  h av e  r e v e a l ed  th a t  s t ud e n t s ’  a t t i t u d es  a re  i mp r ov e d  
w h e n  th e y a r e  a b l e  t o  s e e  t h e  r e l e v anc e  o f  a  s ub je c t  t o  t h e i r  f i e ld  o f  
s tu d y.   
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A s se s s me n t  i s  an  i n t e g r a l  p a r t  o f  l e a rn in g  w h i c h  a l so  ne e ds  
p a r t i cu l a r  c ons id e ra t i on  in  o rd e r  t o  s up po r t  t h e  l e a r n in g  p r o c es s .  
S e ve r a l  s t ud i es  h ave  r e v e a l e d  t h a t  a s se s sm en t  t h a t  e mp has i z e  f a c tu a l  
k n ow le d ge  r es u l t s  i n  “ c l u t t e r  o f  i ne r t  i d e a s  wh i ch  s t ud en t s  a re  no t  
a b l e  t o  us e  e f f e c t iv e l y i n  f ami l i a r  co n t ex t  a nd  c r ea t i ve l y i n  o pen  
e n d ed  p ro b l em  s o l v i n g  s i t u a t i on s ” .  In  t h e  c u r r e n t  s t u d y  m o s t  
s tu d en t s  l e a r n ed  b y  r e p ro du c t io n  o f  c on c e p t s  r a t h e r  t h an  th r ou gh  t h e  
u n de r s t an d i n g  o f  co n c ep t s .  Th i s  w as  i l l u s t r a t ed  b y q u e s t i on s  1 b  a nd  
1 c  wh e r e  s i mi l a r  q u es t i o ns  w e re  ask e d  b u t  a  s i gn i f i ca n t l y  l a r ge  
n um b er  o f  s tu d en t s  w e r e  ab l e  t o  an sw e r  o ne  q u es t io n  b u t  no t  t he  
o th e r .  In  q u es t i ons  2 .4 a - c  a nd  2 . 4d  s tu d en t s  w h o  us ed  kn o wl ed ge  o f  
p r o c ed ur e s  a nd  n o t  r ep ro du c t io n  o f  k n ow le d ge  s ho u l d  h a ve  b een  
a b l e  t o  a ns w e r  b o t h  t he s e  q u es t io ns .  T he  r e su l t s  ho we v e r  ga v e  a  
d i f f e r en t  p r op o r t i on  o f  s t ud en t s  w ho  w e r e  a b l e  t o  a ns w er  b o t h  t h es e  
q u es t io ns  c o r r e c t ly .  T h i s  i n d i c a t ed  t h a t  t hos e  s tu d en t s  wh o  w e r e  
a b l e  t o  a ns w e r  o n e  b u t  no t  t h e  o t h e r  q u es t i o n  o p e r a t ed  a t  t h e  l ow e r  
l e v e l  o f  c o gn i t i on .   
  
T h e  r es u l t s  o f  t h e  r e l a t i o nsh ip  b e t we e n  a t t i t ud e  s co r es  o f  s t ud e n t s  
a n d  t h e i r  s c o r e s  i n  t h e  t wo  kn o wl ed ge  c o mp on e n t s  w e r e  s i gn i f i c an t .  
T h i s  s ho w ed  th a t  a t t i t ud e  o f  s t ud e n t s  w i l l  a f f e c t  t h e i r  pe r f o rm an c e  
i n  b o th  kn ow l ed ge  c o mp on e n t s  i f  t h e  k n ow le d ge  ba s e  o f  s t ud e n t s  i s  
n o t  a dv a nc e d .  Th e  s tu d y o f  Y ü c e l  (2 00 7 )  a l s o  i nd i c a t e d  a  s i gn i f i c an t  
c o nn e c t io n  b e t w e en  s t ud e n t s ’  a ch i ev e m en t  a nd  a t t i t ud e s  t ow a rds  
c h e mis t r y.  K a n  & A k b as  (2 00 5 )  an d  M o r g i l ,  Se yh a n ,  Al s a n  & T em el ,  
( 2 00 8 )  o b t a i ne d  s im i l a r  r e su l t s .   Pa pa n a s t as io u  & Ze mbyl a s  ( 2 00 2)  
o b t a i n ed  s imi l a r  r e s u l t s  a nd  t h e i r  co n c l us i on  w as  t ha t  s t u d en t s ’  
s c i e n c e  a t t i t u d es  do  in f l u en c e  t he i r  a c t ua l  p e r fo rm a nc e  i n  s c i en c e  
w h i l e  t h e i r  s c i en c e  a c h i e v em en t  do e s  n o t  n ec e s s a r i l y  i n f lu e n c e  th e i r  
a t t i t ud es .  Th e  r e su l t s  o f  t h e  s t ud y o f  C r ac k e r  (2 00 6 )  r e v e a l e d  a  
s t ro n g  r e l a t i on sh ip  b e t w e e n  a t t i t ud e  t o wa r d  s c i e nc e  a nd  ex p e c t ed  
a c h i e v em e n t .  Li u  &  H s i e h  ( 20 06 )  o n  th e  o th e r  h a nd  fou n d  ou t  t h a t  
a t t i t ud e  w as  n o t  a  s t a t i s t i c a l l y  s i gn i f i c an t  p r e d i c t o r  o f  s c i en c e  
a c h i e v em e n t .  T h e  d i f f e r en c e  i n  e f f e c t  o f  a t t i t ude  t o w a rds  
p e r f o r ma n c e  o f  s t ud e n t s  i n  t h e  a bo v e  s tu d i es  c ou l d  b e  b ec a u s e  o f  t h e  
t yp e  o f  q u es t i ons  i n  t h e  as s es sm en t .  In  t h e  c u r r en t  s t u d y i t  w as  
s ho w n  th a t  s t ud e n t s  wi th  d e c l a r a t i ve  kn o wl ed ge  b as e  h av e  b e t t e r  
a t t i t ud es  t o w a rd s  c h e mis t r y t h a n  t ho s e  p os s es s ing  p r o c e du r a l  
k n ow le d ge .  T h i s  co u l d  b e  d u e  to  t he  f a c t  t h a t  s om e  s t ud e n t s  f e e l  
m o re  c o n f id e n t  w he n  t h e y h a v e  m o r e  f a c t u a l  kn o wl ed ge  t h a n  wh en  
t h e y h a v e  l i mi t e d  k no wl e d ge  ev e n  i f  t h e y a r e  u n a b l e  t o  us e  t he  
a c q u i r ed  k no wl e d ge .   
 
A  h i gh  co r r e l a t i o n  wa s  o bs e rv e d  a mo n g  th e  re l a t i o ns h ip  o f  
d e c l a r a t i v e  kn ow le d ge  a n d  p r oc e du r a l  k no wl ed ge  w i t h  o v e ra l l  
p e r f o r ma n c e .  C o r r e l a t i o n  o f  d e c l a r a t i v e  kn ow l ed ge  wi th  p r o ce du r a l  
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k n ow le d ge  wa s  po s i t i v e  b u t  w e a k .  O f  t h e  tw o  kn o wl ed ge  c o mp on e n t s  
d e c l a r a t i v e  kn ow le d ge  w a s  a  m or e  s i gn i f i c an t  p re d i c to r  o f  
p e r f o r ma n c e  th a n  p r o c e du r a l  k no wl e dge  c o mp on e n t .  In  t h e  s tu d y o f  
H a i l i k a r i ,  N ev g i ,  &  Li n d b lo m- Yl a nne  ( 2 00 7)  i t  w a s  sho w n  th a t  t h e  
t yp e  o f  k n o wl ed ge  m a k es  a  d i f f e r en c e  i n  t he  o v e ra l l  p e r fo r ma n c e  o f  
t h e  s t ud en t s .  Ho we v e r ,  i t  w as  a l so  s ho w n  th a t  m e as u re s  as s es s in g  
p r o c ed ur a l  kn ow led ge  w e r e  a b l e  t o  p r e d i c t  f i n a l  g r a d es  w h i l e  t h os e  
m e as u r i n g  d e c l a r a t i v e  kn o wl ed ge  d i d  n o t  p r ed i c t  f i n a l  g r a d e s ,  t he  
o p pos i t e  wa s  o b t a in e d  i n  t h e  c u r r e n t  s t u d y.  T h e  r e su l t s  o f  t h i s  s t ud y  
c a n  b e  j u s t i f i ed  b y  n o t in g  t h a t  s t u d en t s  h a v e  t o  f i r s t  r e ca l l  r e l e v an t  
i n fo rm at io n  be f o re  t h e y c a n  a p p l y,  a n a l yz e  o r  i n t e g r a t e  k n o wl ed ge .  
A c c o rd in g  t o  T a n  ( 19 92 )  h i gh  l e v e l  co n c ep t u a l  u nd er s t a nd in g  i s  
r e q u i r ed  f o r  s tu d en t s  t o  b e  a b l e  t o  i n t e g r a t e  t h e  b a s i c  a n d  c l i n i ca l  
s c i e n c es .  S t ud e n t s  w h o  a re  o n l y a b l e  t o  r ec a l l  t h e  s to r ed  k n ow l ed ge  
w i l l  t h e r e f o r e  hav e  d i f f i cu l t i e s  i n  a pp l yi n g  t h a t  kn o wl ed ge  in  
a p p ro p r i a t e  s i t u a t io ns .   
 
5 .3   Limi ta t ions  of  the  Study 
 
S om e  l imi t a t i on s  w e r e  ex p er i en c ed  i n  t h e  c u r r e n t  s t ud y.  O p i n i ons  
f r om  s e n i o r  m e d i ca l  s t ud e n t s  w e re  d e s i r ed  h o w ev e r  t h e  s tu d en t s  
w e r e  n o t  m a d e  p a r t  o f  t h e  s tu d y.  O p in i on s  f r om th e se  s tud e n t s  w ou l d  
h a v e  p ro v id e d  a  b r o a d er  v i ew  t o  t he  ge n e r a l  a t t i t u d e  o f  m ed i c a l  
s t u d en t s .  Th e  s cop e  o f  t h e  ex ami na t i on  w as  o n l y b a s e d  on  t he  
ge n e r a l  p a r t  o f  ch e mis t r y a n d  no t  o n  th e  o r ga n i c  pa r t .   H av i n g  
ex a min a t io ns  f ro m b o t h  s e c t io ns  wo u l d  h a v e  p ro v i de d  a  b e t t e r  
ex p l a na t i on  o f  t h e  k no wl e d ge  b a s e  o f  s tu d en t s  i n  c h em is t r y a s  a  
w h o l e .  T h e  b a s i c  k n ow le d ge  o f  o r ga n i c  ch em is t r y i s  r e q u i r ed  in  
s ub j ec t s  a s  ph ys i o lo g i c a l  c h emi s t r y ,  p h a rm a co lo g y,  b i o ch em is t r y  
a n d  o t he r s  wh i c h  f o r m  pa r t  o f  t h e  m ed i ca l  cu r r i c u lum .  Th e  
p e r f o r ma n c e  o f  s t ud e n t s  i n  o r ga n i c  ch e mis t r y w o u l d  h av e  p ro v i d ed  
s om e  in f o r m at i on  w h ic h  c ou ld  ex p l a i n  wh y t h e r e  i s  su c h  a  h i gh  
f a i l u re  r a t e  i n  ch em is t r y r e l a t e d  c ou rs e s  i n  m ed i c in e .  
  
5 .4  Recommendat ions  and  Conclus ion 
 
T h e  kn o wl ed ge  o f  s u b j e c t s  su ch  a s  c h e mi s t r y  a n d  b i o l o g y a r e  
n e c e s s a r y  f o r  m e d ic a l  s t ud e n t s  i n  o r de r  f o r  t h e m  t o  un de r s t a nd  a nd  
a p p r ec i a t e  t he  c onc e p t s  i n  p h ys i o lo gy  a n d  c l i n i c a l  s ub je c t s .  Bas e d  
o n  t h i s  f a c t ,  i t  i s  t h e r e f o r e  imp o r t an t  fo r  l e c tu r e r s  t e ac h in g  th e se  
s ub j ec t s  t o  i nv o lv e  l e c tu r e r s  i n  t h e  me d i ca l  f i e l d  w h en  se l e c t i n g  t h e  
c o n t e n t  f o r  t h e s e  s ub j ec t s .  S e e i n g  th a t  t h e  ex t en t  o f  c h e mis t r y i s  
v a s t  i t  w i l l  a l so  be  a dv i s a b l e  f o r  c he mi s t r y l e c t u r e r s  t o  l im i t  i t s  
i n s t r u c t i on  t o  t h a t  p o r t i on  wh i ch  w i l l  b e  o f  r e a l  u s e  t o  t he  s t ud e n t  i n  
t h e  p ra c t i c e  o f  h i s  p ro f e s s i on .  To  i mp r ov e  q u a l i t y  o f  ou r  s tu d en t s ,  
i n s t r u c t i on  sh ou l d  f o c us  o n  en h anc i n g  s tu d en t s  cogn i t i v e  a nd  
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a f f e c t i v e  s k i l l s  i nc l ud i n g  dom a in  sp e c i f i c  kn ow l ed ge  in  su b j ec t  
m a t t e r  dom a in  in s t e ad  o f  m e r e ly  m e m o r i z i n g  co n c ep t s  a nd  
p r in c i p l es .  S tu d en t s  sh ou ld  b e  t au gh t  ho w  t o  use  a c qu i r e d  
k n ow le d ge  a n d  i n t e g r a t e  p r i o r  k no wle d ge  w i t h  n e w  k now l ed ge  i n  a  
m e a n in gf u l  w a y.  T h i s  wi l l  h e l p  i n  i n s t i l l i n g  d e s i ra b l e  a t t i t ud es  t o  
s tu d en t s  an d  i n  he l p in g  t h em  to  h av e  a  b e t t e r  un d e rs t an d in g  o f   
c h e mis t r y i n  t h e  con t ex t  o f  m ed i c in e .  
 
S i n c e  t h e  i s s u e  o f  l a r ge  num b e r  o f  s tu d en t s  wi l l  a lw a ys  b e  a  f a c to r ,  
c h e mis t r y l e c tu r e r s  s ho u l d  c omp l i me n t  l e c t u re  me t ho d  wi th  
i nn ov a t iv e  t e a c h ing  s t yl e s  t h a t  wi l l  n o t  on l y s t im u l a t e  s tu d en t s  b u t  
w i l l  e n co ur a ge  r e t en t i on  an d  us e  o f  a cq u i r ed  kn ow l ed ge .  T h i s  s t ud y 
h a s  b r ou gh t  fo r t h  i n fo rm at io n  t h a t  ha s  im p l i c a t i o ns  fo r  a s s es sm en t  
i n  ge n e r a l .  I t  i s  t he r e f o r e  r ec om me nde d  t ha t  t h es e  t ea c h i n g  m et ho ds  
w i l l  r eq u i r e  fu nd am e n t a l  c h an ge s  i n  a s s es s m en t  p r oc e du r e s .  D ur in g  
t h e  p r o c es s  o f  d ev e lo pm en t  o f  p rogr a m s  a l t e r n a t i v e  a s s es sm en t  
p r o c ed ur e s  i nv o lv in g  c h a l l en g i n g  a u t h en t i c  ac t i v i t i e s  s ho u l d  be  
a m on g  t h e  mo s t  imp o r t an t  t a sk s .   
 
In  t e a c h i n g  a nd  l e a rn in g  t h e r e  a re  d i f f e r e n t  m e t hod s  us ed  to  
e v a lu a t e  t h e  l e a rn in g  o u t co me s  o f  s tu d en t s .  Th e  m os t  a p p ro p r i a t e  
m et ho d  sh ou l d  i n c lu d e  d i f fe r e n t  t a sk s  t o  me a su r e  d i f fe r en t  fo rm s  o f  
k n ow le d ge .  T h e  t a s ks  s e l e c t ed  sh ou ld  e n ab le  s t ud e n t s  t o  sh i f t  f rom 
o n e  kn o wl ed ge  l e ve l  t o  t h e  n ex t .  Th e  p ro b l em  o f  b e i n g  a b l e  t o  on l y  
p e r f o r m a t  t h e  l ow e s t  co gn i t i v e  l eve l  i s  t h a t  s t u d en t s  w i l l  no t  be  
a b l e  t o  ma k e  us e  o f  t he  a c q u i r ed  kn o wl ed ge .  T h e  r esu l t s  o f  t h i s  
s t u d y s u gge s t  t h a t  i t  wo u ld  be  be n e f i c i a l  f o r  t h e  s t ud e n t  i f  
a s s es s m en t  c ou l d  b e  b as ed  on  q u es t i on s  t h a t  a r e  a b l e  t o  a dv a nc e  
t h e i r  kn ow l ed ge  ba s e  f r om  on e  l ev e l  t o  t he  n ex t .  I f  t h i s  i s  d on e  
s tu d en t s  wo u ld  be  a b l e  t o  t r an s f e r  k no wl e d ge  ga i ne d  in  on e  
d i s c i p l i n e  t o  t h e  o th e r .  Th e  r es u l t s  c o u ld  a l so  b e  use d  t o  s e l e c t  
a p p ro p r i a t e  l e a r n i ng  e n v i r onm e n t s  t h a t  co u l d  imp r ov e  t he  a t t i t u des  
a n d  un d e rs t a nd in g  o f  ch em is t r y a s  a  s up po r t i n g  su b j e c t  t o  s tu de n t s  
f r om  o th e r  d i sc ip l in e s .   
 
M os t  s c i e n c e  a ca de mi c s  a r e  s c i e n t i s t s  w i th  n o  o r  l i t t l e  p e d a go g ic a l  
t r a i n i n g .  As  r es e a rc h  co n t in ue s  n e w m od e l s  o f  l e a r n i n g  a n d  th e i r  
i mp l i ca t i ons  t o w ar d s  t e a ch i n g  a r e  d i s c ov e r ed .  I t  i s  t h e r e fo re  
r e c om m en de d  t h a t  p e d a go g i ca l  t r a i n i n g  sh ou ld  b e  i n c lu d ed  in  t he  
e d u c a t i on a l  s up por t  o f  a c a d emi cs .  T h i s  wi l l  h e l p  a ca d e mi cs  i n  
s e l e c t i n g  a pp r op r i a t e  m et ho ds  fo r  d i f f e r e n t  g r ou ps  o f  s tu d en t s  an d  
d i f f e r en t  a s se s s men t s  f o r  d i f f e r e n t  l e a r n i n g  ou t com e s .  I f  p o s i t i v e  
a t t i t ud es  o f  s tu d en t s  a r e  d es i re d  r e s ea r c h e rs  s u gge s t  t ha t  l e c t u re r s  
s ho u l d  h av e  po s i t i v e  a t t i t ud e s  t o w a rds  s tu d en t s  an d  th e  s ub j ec t  t h e y  
a r e  t e a ch in g .  I t  i s  t h e r e f o r e  r e c om me nd e d  t h a t  i n  a p p o in t in g  
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l e c t u r e r s  i t  i s  imp o r t an t  t o  c h oos e  l e c tu r e r s  wh o  a re  no t  on l y  
k n ow le d ge a b l e  bu t  a r e  a l so  en t hu s i as t i c  a bo u t  t h e i r  t e a ch in g .   
 
K n ow in g  ou r  s t u den t s ’  a t t i t u d es  t o w ar d s  s c i en c e  an d  th e  e f f e c t  t he y  
c a n  ha v e  o n  th e i r  l e a rn i n g  ou tc om es  c an  e nh a nc e  ou r  q u a l i t y  o f  
t e a ch in g .  W hi l e  kno w in g  th e i r  kn o wle d ge  l e ve l  wi l l  i nd i c a t e  t o  u s  
t h e  qu a l i t y  o f  p r o fe s s i on a l s  t h a t  w e  a r e  p r od u c i n g .  Th i s  wi l l  a l so  
h e lp  u s  t o  i d e n t i fy  t h e  ga p s  i n  s t ud e n t s ’  k no wl e d ge .  T h i s  s tu d y 
c o u l d  a l so  b e  us e d  t o  p ro v i de  gu i d e l in e s  t o  t h e  po l i c y  m a k er s  and  
a s s es s m en t  s t an d ard s  a u t ho r i t i e s  a s  t o  ho w  p e r fo rm a nc e  o f  s t ud e n t s  
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A PP EN D IC E S  
A p p en d ix  A:   D es c r i p t i v e  an a l ys i s  r e su l t s  o f  a t t i t u d e  s t a t e m e n t s  o f  
f i r s t  ye a r  s t ud e n t s  
V a r i ab l e s  M e a n  S t a nd a r d  
D e v i a t i o n  
Lo w e r  
Bo u nd  
U p p er  
Bo u nd  
 
χ 2  /  p - v a l ue  
1  2 . 7 8 6 4  1 . 2 2 5 9 5  2 . 5 4 6 8  3 . 0 2 6 0  1 8 .9 90  /  . 0 01  
2  2 . 7 0 8 7  1 . 3 4 7 7 0  2 . 4 4 5 3  2 . 9 7 2 1  1 5 .2 04  /  . 0 04  
3  3 . 2 3 3 0  1 . 3 0 0 1 0  2 . 9 7 8 9  3 . 4 8 7 1  1 7 .9 22  /  . 0 01  
4  3 . 8 4 4 7  1 . 2 3 4 7 7  3 . 6 0 3 3  4 . 0 8 6 0  4 3 .1 65  /  . 0 00  
5  2 . 5 4 3 7  1 . 3 4 1 4 7  2 . 2 8 1 5  2 . 8 0 5 9  1 2 .8 74  /  . 0 12  
6  3 . 4 0 7 8  1 . 1 9 1 7 8  3 . 1 7 4 8  3 . 6 4 0 7  2 6 .2 72  /  . 0 00  
7  2 . 7 0 8 7  1 . 2 6 5 1 5  2 . 4 6 1 5  2 . 9 5 6 0  8 . 69 9  /  . 06 9  
8  2 . 4 1 7 5  1 . 1 1 6 0 5  2 . 1 9 9 4  2 . 6 3 5 6  3 4 .3 30  /  . 0 00  
9  3 . 3 9 8 1  1 . 3 9 5 6 5  3 . 1 2 5 3  3 . 6 7 0 8  2 4 .2 33  /  . 0 00  
1 0  3 . 1 8 4 5  1 . 3 9 8 5 1  2 . 9 1 1 1  3 . 4 5 7 8  5 . 88 3  /  . 20 8  
1 1  2 . 4 5 6 3  1 . 4 2 6 4 8  2 . 1 7 7 5  2 . 7 3 5 1  2 5 .5 92  /  . 0 00  
1 2  2 . 3 7 8 6  1 . 3 2 9 2 8  2 . 1 1 8 8  2 . 6 3 8 4  2 6 .7 57  /  . 0 00  
1 3  3 . 5 2 4 3  1 . 1 7 0 2 6  3 . 2 9 5 6  3 . 7 5 3 0  2 4 .8 16  /  . 0 00  
1 4  3 . 5 2 4 3  1 . 2 5 1 2 3  3 . 2 7 9 7  3 . 7 6 8 8  2 2 .2 91  /  . 0 00  
1 5  3 . 3 8 2 4  1 . 3 5 7 3 7  3 . 1 1 5 7  3 . 6 4 9 0  1 1 .0 39 /  . 02 6  
1 6  3 . 6 9 6 1  1 . 0 8 8 0 9  3 . 4 8 2 4  3 . 9 0 9 8  7 8 .4 90  /  . 0 00  
1 7  3 . 8 6 4 1  1 . 1 0 3 0 1  3 . 6 4 8 5  4 . 0 7 9 7  5 0 .3 50  /  . 0 00  
1 8  3 . 0 1 9 4  1 . 4 4 1 5 4  2 . 7 3 7 7  3 . 3 0 1 2  3 . 65 0  /  . 45 5  
1 9  2 . 7 8 6 4  1 . 2 8 0 7 1  2 . 5 3 6 1  3 . 0 3 6 7  6 . 65 3  /  . 16 1  
2 0  3 . 0 4 8 5  1 . 3 3 1 2 1  2 . 7 8 8 4  3 . 3 0 8 7  2 . 77 7  /  . 59 6  
2 1  2 . 4 6 0 8  1 . 4 1 1 9 1  2 . 1 8 3 5  2 . 7 3 8 1  2 7 .1 18  /  . 0 00  
2 2  3 . 5 9 8 0  1 . 1 4 5 4 6  3 . 3 7 3 0  3 . 8 2 3 0  3 6 .1 37  /  . 0 00  
2 3  2 . 9 5 1 5  1 . 3 4 5 8 6  2 . 6 8 8 4  3 . 2 1 4 5  1 . 80 6  /  . 77 1  
2 4  2 . 1 0 6 8  1 . 3 9 2 6 5  1 . 8 3 4 6  2 . 3 7 9 0  6 1 .1 26  /  . 0 00  
2 5  2 . 8 2 5 2  1 . 4 3 7 7 8  2 . 5 4 4 2  3 . 1 0 6 2  1 1 .4 17  /  . 0 22  
2 6  3 . 7 2 8 2  1 . 3 0 7 5 5  3 . 4 7 2 6  3 . 9 8 3 7  3 6 .1 75  /  . 0 00  
2 7  3 . 0 6 8 0  1 . 2 7 0 0 3  2 . 8 1 9 7  3 . 3 1 6 2  8 . 11 7  /  . 08 7  
2 8  2 . 7 0 8 7  1 . 3 4 0 4 1  2 . 4 4 6 8  2 . 9 7 0 7  6 . 17 5  /  . 18 6  
2 9  4 . 3 1 0 7  . 9 1 8 5 4  4 . 1 3 1 2  4 . 4 9 0 2  1 0 6 . 07 8  /  
. 0 00  
3 0  3 . 6 8 9 3  1 . 2 3 6 9 2  3 . 4 4 7 6  3 . 9 3 1 1  4 3 .3 59  /  . 0 00  
3 1  2 . 6 9 6 1  1 . 6 0 3 1 5  2 . 3 8 1 2  3 . 0 1 1 0  2 2 .6 08  /  . 0 00  
3 2  2 . 4 9 5 1  1 . 5 5 8 4 9  2 . 1 9 0 6  2 . 7 9 9 7  3 7 .4 37  /  . 0 00  
3 3  3 . 5 6 3 1  1 . 3 8 3 8 7  3 . 2 9 2 6  3 . 8 3 3 6  1 9 .1 98 7  /  
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. 0 01  
3 4  2 . 1 8 4 5  1 . 3 9 1 4 8  1 . 9 1 2 5  2 . 4 5 6 4  5 7 .6 31  /  . 0 00  
3 5  3 . 8 1 3 7  1 . 3 9 8 2 3  3 . 5 3 9 1  4 . 0 8 8 4  1 1 .5 15  /  . 0 21  
3 6  3 . 9 1 2 6  1 . 2 8 4 1 9  3 . 6 6 1 6  4 . 1 6 3 6  5 1 .9 03  /  . 0 00  
3 7  3 . 5 2 4 3  1 . 0 8 3 2 5  3 . 3 1 2 6  3 . 7 3 6 0  3 3 .1 65  /  . 0 00  
3 8  3 . 6 0 1 9  1 . 3 1 6 1 1  3 . 3 4 4 7  3 . 8 5 9 2  2 8 .7 96  /  . 0 00  
3 9  3 . 1 5 5 3  1 . 4 5 3 5 8  2 . 8 7 1 3  3 . 4 3 9 4  1 5 .5 92  /  . 0 04  







































A p p en d ix  B   T he  P e r c en ta ge / f r e q ue n c i es  o f  s tu d en t s ’  ch o i c e  o f  
r a t i n g  o f  s t a t e m en t s   
                                                                                                                                            
Questionnaire Statement               Percentage/ Number of Students Choosing Rating 
 
    SD D N A SA 
_____________________________________________________________________________________________ 
 
1. Chemistry is my favorite subject.    21.9/22 15.5/16 34.0/35 21.4/22 7.8/8 
 
2. I do not find chemistry lectures to be interesting and stimulating. 16.5/17 28.2/29 7.8/8 28.2/29 19.4/20  
        
3. The subject has created a knowledge   base which  15.5/16 12.6/13 20.4/21 35.9/37 15.5/16  
    will help me in my career. 
 
4.  Chemistry is not relevant to my field of study.   36.9/38 34.0/35 14.6/15 6.8/6 7.8/8 
 
5. Chemistry has helped me to develop my problem        31.1/32 20.4/21 20.4/21 19.4/20 8.7/9   
    solving and reasoning skills.    
 
6. Chemistry will help me during my clinical years of study. 10.7/11 7.8/8 30.1/31 33.0/34 18.4/19  
    
7. I do not do well in chemistry.          8.7/9 21.4/22 23.3/24 25.2/26 21.4/22 
 
8. Chemistry is easy for me.           28.2/29 20.4/21 35.9/37  12.6/13  2.9/3 
 
9. Tutorial sessions helped me to understand the lecture course.  17.5/18  8.7/9  13.6/14  36.9/37  23.3/24 
    
10. Practical sessions are not stimulating and relevant to my field   17.5 /18 16.5/17  16.5 /17 20.4 /21 29.1/30   
      of study. 
 
11. I enjoy doing chemistry practicals.          37.9/39  19.4 /20 11.7/12  21.4 /22 9.7/10 
 
12. The theory behind the experiments was clearly  presented.  36.9/38  21.4 /22 14.6/15  21.4 /22 5.8/6  
 
13. I am good at practical wok.            7.8 /8 9.7 /10 27.2/28  33.0/34  22.3/23 
 
14. I do not like practicals because they can be very dangerous.  10.7/11   8.7/9       22.3/23     34.0/35     24.3/25  
       
15.  I have a real desire to learn chemistry     14.7/15   9.8/10    23.5/24   26.5 /27   25.5/26 
            
16. Learning chemistry requires that I substantially rethink,  7.8/8 5.9/6 13.7/14 53.9/55 18.6/19 
       restructure and reorganize the information that I am given. 
        
17. When learning chemistry I prefer to put concepts in my own 3.9/4 10.7/11 12.6/13 40.8/42 32.0/33 
      words. 
 
18. Lecture notes are more useful than my own notes  22.3/23 16.5/17 16.5/17 26.2/26 18.4/19 
 
19. Concepts in chemistry are difficult to understand  19.4/20 25.2/26 23.3/24 21.4/22 10.7/11 
 
20. My problem with chemistry is being able to    14.6/15 23.3/24 23.3/24 20.4/21 18.4/19 
       memorize all the information I need to know. 
 
21. The chemistry lecturers have made me feel that I   39.8/41 12.6/13 20.4/21 17.5/18 9.7/10 
      have the ability to continue in science. 
 
22. A good understanding of chemistry is necessary for  6.9/7 10.8/11 19.6/20 41.2/42 21.6/22 
     me to achieve my career goals. 
 
23. You cannot have an understanding of chemistry by   15.5/16 22.3/23 22.3/23 21.4/22 18.4/19 
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      memorizing things you have read or been taught in class. 
       
24. It is not possible to pass chemistry without understanding. 13.6/14 3.9/4 8.7/9 27.2/28 46.6/48 
       
25. Learning chemistry has helped me to understand situations in 29.1/30 12.6/13 20.4/21 25.2/26 12.6/13 
      my everyday life. 
 
26. The main reason I am doing chemistry is because it is a  10.7/11 8.7/9 11.7/12 35.0/36 34.035 
      prerequisite for my course. 
 
27. Theories in chemistry are very abstract and very difficult to 11.7/12 26.2/27 21.4/22 25.2/26 15.5/16 
      comprehend. 
 
28. The concepts introduced in the lecture materials are clearly 25.2/26 21.4/22 21.4/22 21.4/22 10.7/11 
      explained. 
 
29. It is important for me to understand the work taught in class. 1.9/2 4.9/5  4.9/5 36.9/38 51.5/52 
       
30. I cannot see the relation between chemistry and medicine. 27.2/28     41.7/43    14.6/15    5.8/6       10.7/11 
       
31. My chemistry lecturer did not seem to enjoy teaching chemistry. 22.5/23 11.8/12 15.7/16 12.7/13 37.3/38 
       
32. The teaching method used in class is not stimulating.  15.5/16 17.5/18 11.7/12 11.7/12 43.7/45 
 
33. My lecturers presented the material in a clear way.  35.9/37 20.4/21 18.4/19 14.6/15 10.7/11 
 
34. The assessment system in chemistry is not fair.  8.7/9 12.6/13 16.5/17 12.6/13 49.5/51 
 
35. I prefer tutorials than lectures.    13.6/14 10.7/11 28.2/29 23.3/24 24.3/25 
 
36. I would like multiple choice questions to be included   8.7/9 5.8/6 16.5/17 23.3/24 45.6/47 
       in the assessment. 
 
37. The assessment concentrates on ability to acquire facts  4.9/5 9.7/10 35.0/36 29.1/30 21.4/22 
      rather than on the development of  critical thinking skills. 
       
38. Chemistry laboratory work is not important for medical students. 10.7/11    9.7/10      14.6/15    35.9/37 29.1/30      
       
39. The practical experiments are not related to lectures.  20.4/21 15.6/16 10.7/11 34.0/35 19.4/20 
 


















A p p en d ix  C  S co r es  o f  s t ud en t s ’  l e a r n in g  o u t com e s  
 
  
N u m b e r  o f  s t u d e n t s  s c o r i n g  
( % )  
A s s e s s m e n t   K n o w l e d g e  B a s e  
M e a n  
S c o r e  S D  <  0 . 5  0 . 5  > 0 . 5  
1 . 1  
D e c l a r a t i v e  
k n o w l e d g e  0 . 5 1 2 4  0 . 3 9 5 0 9  
3 6  
( 2 9 . 8 )  
4 6  
( 3 8 . 0 )  
3 9  
( 3 2 . 2 )  
1 . 2 a  
D e c l a r a t i v e  
k n o w l e d g e  0 . 2 3 1 4  0 . 4 1 3 5 3  
9 0  
( 7 4 . 4 )  5  ( 4 . 1 )  
2 6  
( 2 1 . 5 )  
1 . 2 b  
D e c l a r a t i v e  
k n o w l e d g e  0 . 0 7 0 2  0 . 2 3 5 4 6  
1 1 1  
( 9 1 . 7 )  6  ( 5 . 0 )  4  ( 3 . 3 )  
1 . 2 c  
D e c l a r a t i v e  
k n o w l e d g e  0 . 8 7 6  0 . 3 3 0 9 1  
1 3  
( 1 0 . 7 )  0  ( 0 )  
1 0 8  
( 8 9 . 3 )  
1 . 3  
D e c l a r a t i v e  
k n o w l e d g e  0 . 7 7 6 9  0 . 3 5 3 2 6  
1 3  
( 1 0 . 7 )  
2 5  
( 2 0 . 7 )  
8 3  
( 6 8 . 6 )  
1 . 4  
P r o c e d u r a l  
k n o w l e d g e  0 . 1 9 4 2  0 . 3 9 4 6 1  9 8  ( 8 1 )  1  ( 0 . 8 )  
2 2  
( 1 8 . 2 )  
1 . 5 a  
D e c l a r a t i v e  
k n o w l e d g e  0 . 4 2 5 6  0 . 4 5 4 8 9  5 2  ( 4 3 )  
2 7  
( 2 2 . 3 )  
4 2  
( 3 4 . 7 )  
1 . 5 b  
D e c l a r a t i v e  
k n o w l e d g e  0 . 4 0 5  0 . 4 8 4 4  
7 0  
( 5 7 . 9 )  4  ( 3 . 3 )  
4 7  
( 3 8 . 8 )  
1 . 5 c  
P r o c e d u r a l  
k n o w l e d g e  0 . 7 6 4 5  0 . 4 0 3 5  
2 5  
( 2 0 . 7 )  8  ( 6 . 6 )  
8 8  
( 7 2 . 7 )  
2 . 1 a  
D e c l a r a t i v e  
k n o w l e d g e  0 . 5 2 0 7  0 . 4 6 7 5 2  
5 2  
( 4 3 . 0 )  
1 4  
( 1 1 . 6 )  
5 5  
( 4 5 . 4 )  
2 . 1 b  
D e c l a r a t i v e  
k n o w l e d g e  0 . 3 2 2 3  0 . 4 6 4 8 5  
8 1  
( 6 6 . 9 )  2  ( 1 . 7 )  
3 8  
( 3 1 . 4 )  
2 . 2 a  
P r o c e d u r a l  
k n o w l e d g e  0 . 5 7 8 5  0 . 4 6 5 5 1  
4 4  
( 3 6 . 4 )  
1 4  
( 1 1 . 6 )  
6 3  
( 5 2 . 1 )  
2 . 2 b  
D e c l a r a t i v e  
k n o w l e d g e  0 . 4 0 5  0 . 4 9 2 9 3  
7 2  
( 5 9 . 5 )  0  ( 0 )  
4 9  
( 4 0 . 5 )  
2 . 2 c  
P r o c e d u r a l  
k n o w l e d g e  0 . 8 5 5 4  0 . 3 4 4 2 3  
1 6  
( 1 3 . 2 )  3  ( 2 . 5 )  
1 0 2  
( 8 4 . 3 )  
2 . 3  
P r o c e d u r a l  
k n o w l e d g e  0 . 0 1 2 4  0 . 1 0 1 3  
1 1 9  
( 9 8 . 3 )  1  ( 0 . 8 )  1  ( 0 . 8 )  
2 . 4 a - c  
D e c l a r a t i v e  
k n o w l e d g e  0 . 6 3 2 2  0 . 4 2 2 1 4  
3 1  
( 2 5 . 6 )  
2 7  
( 2 2 . 3 )  
6 3  
( 5 2 . 1 )  
2 . 4 d  
D e c l a r a t i v e  
k n o w l e d g e  0 . 3 0 9 9  0 . 4 4 8 4 1  
8 0  
( 6 6 . 1 )  7  ( 5 . 8 )  
3 4  
( 2 8 . 1 )  
3 . 1 a  
P r o c e d u r a l  
k n o w l e d g e  0 . 3 5 5 4  0 . 4 0 0 2  
6 1  
( 5 0 . 4 )  
3 4  
( 2 8 . 1 )  
2 6  
( 2 1 . 5 )  
3 . 1 b  
P r o c e d u r a l  
k n o w l e d g e  0 . 8 1 8 2  0 . 3 8 7 3  
1 5  
( 1 2 . 4 )  0  ( 0 )  
1 0 6  
( 8 7 . 6 )  
3 . 1 c  
D e c l a r a t i v e  
k n o w l e d g e  0 . 7 5 2 1  0 . 4 3 3 6 1  
2 2  
( 1 8 . 2 )  0  ( 0 )  
9 9  
( 8 1 . 8 )  
3 . 2  
P r o c e d u r a l  
k n o w l e d g e  0 . 2 7 6 9  0 . 4 1 8 0 8  
8 8  
( 7 2 . 7 )  
1 3  
( 1 0 . 7 )  
2 0  
( 1 6 . 5 )  
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3 . 3 a  
D e c l a r a t i v e  
k n o w l e d g e  0 . 7 1 9  0 . 4 5 1 3 5  6  ( 5 . 0 )  0  ( 0 )  
1 1 5  
( 9 5 . 0 )  
3 . 3 b  
D e c l a r a t i v e  
k n o w l e d g e  0 . 7 4 3 8  0 . 4 3 8 3 5  
1 6  
( 1 3 . 2 )  
1 4  
( 1 1 . 6 )  
9 1  
( 7 5 . 2 )  
3 . 3 c  
D e c l a r a t i v e  
k n o w l e d g e  0 . 6 0 7 4  0 . 4 7 5 2 5  
4 3  
( 3 5 . 5 )  7  ( 5 . 8 )  
7 1  
( 5 8 . 7 )  
3 . 4  
P r o c e d u r a l  
k n o w l e d g e  0 . 4 1 7 4  0 . 4 8 8 8 2  
6 2  
( 5 1 . 2 )  
1 1  
( 9 . 1 )  
4 8  








































A p p en d ix  D  P e r fo rm a n ce  o f  s t ud e n t s  i n  e a c h  kn o wl ed ge  c a t e go r y,  
a n d  a t t i t ud e  s c o r e s  o f  i nd i v i du a l  s t u den t s  ac c o rd i n g  t o  ge n d e r  
 
S t ud e n t  D e c l a r a t i v e  
K n ow l ed ge  
s c o r es  % 
P ro c e du r a l  
K n ow l ed ge  
s c o r es  % 
T o t a l  
s c o r e  % 
A t t i t u d e  
s c o r e  
G e n d er  
1  2 4 .7  1 0 .0  3 4 .7  1 1 8  F  
2  3 2 .0  2 2 .0  5 4 .0  1 3 2  F  
3  2 5 .3  1 9 .3  4 4 .7  1 2 0  F  
4  3 5 .3  1 9 .3  5 4 .7  1 3 2  F  
5  3 7 .3  2 5 .3  6 2 .7  1 4 2  F  
6  2 6 .0  1 6 .7  4 2 .7  1 2 8  M 
7  3 0 .7  1 8 .7  4 9 .3  1 1 2  F  
8  3 0 .0  1 9 .3  4 9 .3  1 3 9  F  
9  4 4 .0  2 4 .0  6 8 .0  1 2 6  F  
1 0  4 2 .7  2 6 .0  6 8 .7  1 3 7  F  
1 1  3 0 .7  2 1 .3  5 2 .0  1 3 8  M 
1 2  3 2 .7  2 9 .3  6 2 .0  1 3 6  M 
1 3  3 3 .3  2 7 .3  6 0 .7  1 2 6  M 
1 4  3 6 .7  2 6 .0  6 2 .7  1 3 0  M 
1 5  2 8 .7  2 4 .7  5 3 .3  1 2 9  M 
1 6  2 8 .7  1 7 .3  4 6 .0  1 2 2  F  
1 7  4 6 .7  1 8 .7  6 5 .3  1 4 2  M 
1 8  2 2 .7  1 4 .7  3 7 .3  1 1 5  M 
1 9  3 8 .0  2 4 .7  6 2 .7  1 4 8  F  
2 0  3 5 .3  2 4 .7  6 0 .0  1 4 4  F  
2 1  2 4 .0  2 4 .0  4 8 .0  1 1 6  F  
2 2  3 4 .0  3 1 .3  6 5 .3  1 3 8  F  
2 3  4 0 .0  2 3 .3  6 3 .3  1 4 7  F  
2 4  3 2 .7  1 8 .7  5 1 .1  1 1 5  M 
2 5  1 0 .7  1 3 .3  2 4 .0  9 6  F  
2 6  2 3 .3  1 8 .0  4 1 .3  1 2 3  M 
2 7  1 9 .3  2 0 .0  3 9 .3  1 0 8  M 
2 8  2 1 .3  2 1 .3  4 2 .7  1 0 7  F  
2 9  1 5 .3  1 3 .0  2 8 .7  1 0 5  M 
3 0  4 2 .0  3 0 .0  7 2 .0  1 4 8  M 
3 1  3 4 .7  2 6 .7  6 1 .3  1 3 2  F  
3 2  3 8 .7  2 8 .7  6 7 .7  1 2 6  M 
3 3  1 7 .3  2 8 .0  4 5 .3  1 3 7  F  
3 4  2 8 .0  2 1 .3  4 9 .3  1 0 5  M 
3 5  2 1 .0  2 0 .7  4 2 .0  1 0 7  M 
3 6  3 8 .0  3 4 .0  7 2 .0  1 4 1  M 
3 7  2 2 .7  2 1 .3  4 4 .0  1 3 6  F  
3 8  2 5 .3  2 7 .3  5 2 .7  1 2 3  M 
3 9  2 9 .3  2 6 .7  5 6 .0  1 3 5  M 
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4 0  2 1 .3  1 7 .3  3 8 .7  1 2 6  F  
4 1  3 4 .7  2 4 .0  5 8 .7  1 4 0  F  
4 2  4 8 .0  2 6 .7  7 4 .7  1 5 1  F  
4 3  3 4 .7  1 8 .7  5 3 .3  1 3 1  F  
4 4  2 9 .3  1 2 .7  4 2 .0  1 2 9  M 
4 5  1 3 .3  8 . 0  2 1 .3  1 0 5  F  
4 6  3 2 .0  1 9 .3  5 1 .3  1 0 4  M 
4 7  2 7 .3  2 2 .0  4 9 .3  1 1 0  M 
4 8  3 7 .3  2 0 .7  5 8 .0  1 2 7  M 
4 9  3 5 .3  2 4 .0  5 9 .3  1 0 5  F  
5 0  3 7 .3  2 0 .0  5 7 .3  1 2 5  M 
5 1  2 3 .3  1 6 .0  3 9 .3  1 1 4  F  
5 2  2 8 .0  2 2 .0  5 0 .0  1 1 2  F  
5 3  3 2 .0  2 2 .0  5 4 .0  1 4 0  M 
5 4  3 6 .0  1 2 .7  4 8 .7  1 6 5  F  
5 5  2 1 .3  1 8 .0  3 9 .3  1 1 8  M 
5 6  3 7 .3  1 8 .7  5 6 .0  1 1 9  F  
5 7  2 4 .7  2 0 .7  4 5 .3  1 1 5  F  
5 8  3 6 .0  1 2 .7  4 8 .7  1 4 8  F  
5 9  1 8 .7  1 0 .7  2 9 .3  8 6  M 
6 0  3 0 .0  2 3 .3  5 3 .3  1 2 3  F  
6 1  3 3 .3  2 8 .0  6 1 .3  1 4 5  M 
6 2  2 1 .3  9 . 3  3 0 .7  1 2 9  M 
6 3  2 0 .0  2 0 .0  4 0 .0  1 2 1  M 
6 4  3 9 .3  2 4 .0  6 3 .3  1 2 3  M 
6 5  2 5 .3  1 2 .7  3 8 .0  1 1 3  M 
6 6  4 2 .7  2 6 .0  6 8 .7  1 5 1  F  
6 7  2 0 .0  2 5 .3  4 5 .3  1 1 2  F  
6 8  2 0 .7  1 9 .3  4 0 .0  1 1 4  F  
6 9  2 6 .0  1 7 .3  4 3 .4  1 0 5  M 
7 0  2 6 .7  2 2 .0  4 8 .7  1 0 5  F  
7 1  1 4 .7  1 4 .0  2 8 .7  1 0 3  F  
7 2  4 0 .0  2 3 .3  6 3 .3  1 3 8  M 
7 3  3 4 .7  2 0 .0  5 4 .7  1 2 4  M 
7 4  3 7 .3  1 8 .7  5 6 .0  1 3 3  M 
7 5  5 . 3  1 7 .4  2 2 .7  8 6  M 
7 6  3 7 .3  2 4 .0  6 1 .3  1 4 1  F  
7 7  3 2 .7  3 3 .3  6 6 .0  1 5 1  M 
7 8  3 0 .7  1 7 .3  4 8 .0  1 2 4  M 
7 9  2 8 .0  2 8 .0  5 6 .0  1 4 3  F  
8 0  4 0 .0  2 8 .7  6 8 .7  1 3 7  M 
8 1  2 6 .7  2 8 .0  5 4 .7  1 1 9  M 
8 2  2 0 .0  1 6 .0  3 6 .0  1 2 1  M 
8 3  2 4 .7  2 0 .0  4 4 .7  8 5  M 
8 4  2 8 .7  1 8 .7  4 7 .3  1 3 6  F  
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8 5  2 2 .0  8 . 0  3 0 .0  9 6  M 
8 6  2 0 .0  2 2 .7  4 2 .7  1 3 7  M 
8 7  3 0 .7  2 8 .0  5 8 .7  1 4 3  M 
8 8  2 9 .3  1 7 .3  4 6 .7  1 2 6  M 
8 9  3 1 .3  3 2 .0  6 3 .3  1 5 7  F  
9 0  3 0 .7  2 7 .3  5 8 .0  1 4 7  F  
9 1  2 9 .3  2 4 .7  5 4 .0  1 3 2  F  
9 2  2 4 .0  1 4 .7  3 8 .7  1 2 4  F  
9 3  2 7 .3  1 7 .3  4 4 .7  9 3  F  
9 4  3 0 .7  1 3 .3  4 4 .0  8 3  M 
9 5  3 4 .7  2 2 .7  5 7 .3  1 4 2  M 
9 6  1 6 .0  2 7 .3  4 3 .3  1 0 3  F  
9 7  3 3 .3  2 0 .0  5 3 .3  1 3 0  M 
9 8  2 8 .0  2 0 .7  4 8 .7  1 4 1  F  
9 9  1 8 .7  1 2 .0  3 0 .7  1 0 5  F  
1 0 0  2 0 .7  1 0 .7  3 1 .3  1 1 8  M 
1 0 1  3 2 .7  1 7 .3  5 0 .0  1 3 0  M 
1 0 2  2 9 .3  1 6 .0  5 1 .3  1 4 4  F  




























A p p en d ix  E :   On e  – S amp le  Te s t  f o r  me a n  d i f f e r en c e  o f  l e a r n i n g  
o u t c om es  
 
 T e s t  V a l u e  =  0                                         
 
 
9 5 %  C o n f i d e n c e  I n t e r v a l  
o f  t h e  D i f f e r e n c e  
Q u e s t i on  
T  d f  
S i g .  ( 2 -
t a i l e d )  
M e a n  
D i f f e r e n c e  L o w e r  U p p e r  
1 . 1  1 4 . 2 6 6  1 2 0  . 0 0 0  . 5 1 2 4 0  . 4 4 1 3  . 5 8 3 5  
1 . 2 a  6 . 1 5 5  1 2 0  . 0 0 0  . 2 3 1 4 0  . 1 5 7 0  . 3 0 5 8  
1 . 2 b  3 . 2 8 2  1 2 0  . 0 0 1  . 0 7 0 2 5  . 0 2 7 9  . 1 1 2 6  
1 . 2 c  2 9 . 1 2 0  1 2 0  . 0 0 0  . 8 7 6 0 3  . 8 1 6 5  . 9 3 5 6  
1 . 3  2 4 . 1 9 0  1 2 0  . 0 0 0  . 7 7 6 8 6  . 7 1 3 3  . 8 4 0 4  
1 . 4  5 . 4 1 4  1 2 0  . 0 0 0  . 1 9 4 2 1  . 1 2 3 2  . 2 6 5 2  
1 . 5 a  1 0 . 2 9 2  1 2 0  . 0 0 0  . 4 2 5 6 2  . 3 4 3 7  . 5 0 7 5  
1 . 5 b  9 . 1 9 6  1 2 0  . 0 0 0  . 4 0 4 9 6  . 3 1 7 8  . 4 9 2 1  
1 . 5 c  2 0 . 8 4 1  1 2 0  . 0 0 0  . 7 6 4 4 6  . 6 9 1 8  . 8 3 7 1  
2 . 1 a  1 2 . 2 5 7  1 2 0  . 0 0 0  . 5 2 0 6 6  . 4 3 6 6  . 6 0 4 8  
2 . 1 b  7 . 6 2 7  1 2 0  . 0 0 0  . 3 2 2 3 1  . 2 3 8 6  . 4 0 6 0  
2 . 2 a  1 3 . 6 7 0  1 2 0  . 0 0 0  . 5 7 8 5 1  . 4 9 4 7  . 6 6 2 3  
2 . 2 b  9 . 0 3 7  1 2 0  . 0 0 0  . 4 0 4 9 6  . 3 1 6 2  . 4 9 3 7  
2 . 2 c  2 7 . 3 3 4  1 2 0  . 0 0 0  . 8 5 5 3 7  . 7 9 3 4  . 9 1 7 3  
2 . 3  1 . 3 4 6  1 2 0  . 1 8 1  . 0 1 2 4 0  - . 0 0 5 8  . 0 3 0 6  
2 . 4 a - c  1 6 . 4 7 4  1 2 0  . 0 0 0  . 6 3 2 2 3  . 5 5 6 2  . 7 0 8 2  
2 . 4 d  7 . 6 0 3  1 2 0  . 0 0 0  . 3 0 9 9 2  . 2 2 9 2  . 3 9 0 6  
3 . 1 a  9 . 7 6 8  1 2 0  . 0 0 0  . 3 5 5 3 7  . 2 8 3 3  . 4 2 7 4  
3 . 1 b  2 3 . 2 3 8  1 2 0  . 0 0 0  . 8 1 8 1 8  . 7 4 8 5  . 8 8 7 9  
3 . 1 c  1 9 . 0 7 9  1 2 0  . 0 0 0  . 7 5 2 0 7  . 6 7 4 0  . 8 3 0 1  
3 . 2  7 . 2 8 4  1 2 0  . 0 0 0  . 2 7 6 8 6  . 2 0 1 6  . 3 5 2 1  
3 . 3 a  1 7 . 5 2 3  1 2 0  . 0 0 0  . 7 1 9 0 1  . 6 3 7 8  . 8 0 0 2  
3 . 3 b  1 8 . 6 6 5  1 2 0  . 0 0 0  . 7 4 3 8 0  . 6 6 4 9  . 8 2 2 7  
3 . 3 c  1 4 . 0 6 0  1 2 0  . 0 0 0  . 6 0 7 4 4  . 5 2 1 9  . 6 9 3 0  




A p p en d ix  F :   In s t ru m en t  t o  As s es s  C he mi s t r y Le a r n i n g  Ou t com e s  o f   
  F i r s t  Y e a r  M ed i c a l  S t ud e n t s  
 
Quest ion  1  
 
1 . 1  D e f in e  t h e  fo l l o wi ng  t e rm s  
 
 ( a )  p u r e  su bs t a n c e   
 
 ( b )  s o l u t i on .            ( 2 )  
 
1 . 2     ( a )  W h i ch  t e ch n iq u e  i s  u s e d  to  p r ep a r e  a  d i l u t e  so l u t io n   
  f r om  a  c on c en t ra t ed  s o l u t i on?         ( 1 )    
             
 ( b )  H o w w ou l d  yo u  p r ep a r e  1 00m l  o f  0 . 9  %  s a l i n e  so l u t i on   
  f r om  1 0  %   s a l i n e  so lu t io n?            ( 3 )  
 
( c )  A n  o r de r  o f  m ed ic a t io n  r e ad s :  “ g i ve  0 .0 4  ml  p e r  
 k i l o g r am  o f  bo d y w e i gh t . ”  H ow  m u ch  m e d i c a t i on   
 s ho u l d  b e  g iv e n  to  a  p a t i e n t  w e i gh in g  8 5  k g?      ( 4 )  
 
1 . 3  D e f in e  t h e  fo l l o wi ng  t e rm s  a s  us ed  i n  c h e mis t r y  
 
( a )  a t omi c  m as s  
 
 ( b )  a t omi c  n umb e r  
  
 ( c )  e l em e n t  
 
 ( d )  a t om           ( 4 )  
 
1 . 4  T h e  m as s  num b e r  o f  a  ce r t a in  a to m i s  2 3 4 ,  a nd  i t  ha s   
 6 0  %  m or e  n e u t ro ns  t h an  p ro to ns .  Id e n t i f y  t h e  a t om  in  
 q u es t i o n .               ( 4 )    
 
 
1 . 5  ( a )  D i s t i n gu i s h  a n  em pi r i c a l  fo rm ul a  f r om a  m ol e cu la r   
  f o rm ul a .              ( 2 )  
 
( b )  G i ve  t wo  ex am pl e s  t o  su pp o r t  yo u r  a nsw e r  i n  ( a )     ( 1 )  
 
 
 ( c )  W h a t  i s  t h e  p e r ce n ta ge  o f  s od i um  in  Na 2 SO 4
    
?         ( 4 )  
 
[ 2 5 ]  
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Quest ion  2  
 
2 . 1       ( a )  H ow  d oe s  Ar r h en i us ’  d es c r i p t i on  o f  an  a c id  d i f f e r   
  f r om  t h a t  o f  Lo w r y- Br o ns t e d?               ( 2 )  
  
  (b )  W h a t  i s  t h e  m ath em at i c a l  r e l a t i o ns h ip  be tw e e n  pH   
 a n d  p OH  o f  a  s o l u t i on?         ( 2 )  
 
    
2 . 2        M a gn e s iu m h yd r ox i d e ,  ( M g( OH ) 2
           m ed ic in e  t o  r e l i ev e  a n  up s e t  s t o m a ch .  Th e  p H o f  H Cl  (a q )   
)  i s  o f t e n  us e d  a s   
           i n  a  p e r so n’ s  s t om a c h  i s  1 .  
 
( a )  C a l c u l a t e  t h e  co n cen t ra t i on  o f  h yd r o c h l o r i c  a c i d  i n   
 t h e  p e r so n ’s  s t om ac h .                ( 4 )  
 
( b )  W i l l  t h e  p H i n  t h e  s to ma c h  in c r e as e ,  de c r e a s e  o r   
 s t a y t h e  s am e  a f t e r  t a k in g  a  d os e  o f  Mg( O H ) 2
 
 ?     ( 2 )  
( c )  W r i t e  d ow n  a  b a l a nc e d  eq u a t i on  f o r  t he  r e a c t i on   
 t h a t  t ak es  p l a ce  i n  t h e  s to m ac h  a f t e r  a  p e r s on  t ak e s  a  
 d os e  o f  M g( O H ) 2
 
         ( 4 )  
    
2 . 3  U s e  Le w is  s ym b ol s  t o  i l l u s t r a t e  ho w ba r iu m r e a c t s  wi t h  
 n i t ro ge n  t o  fo rm  b ar i um n i t r i d e .         ( 5 )  
 
2 . 4   N a m e th e  f o l l o wing  c o mp ou nd s :  
 
( a )  N 2 O
 
5  
( b )  C a 3 (PO 4 )
 
2  
( c )  Fe 2 O 3
 
           ( 3 )  
( d )  W h a t  do es  t h e  su bsc r ip t  nu mb e rs  2 ,  3  a n d  4  i n   
 C a 3 (PO 4 ) 2
 










Quest ion  3  
 
3 . 1  T h e  f o l l o win g  r e ad i n gs  w e r e  ob t a i n ed  i n  a n  ex p e r im e n t  t o  
d e t e r min e  t h e  r e l a t i on sh ip  b e t w e en  p re s su r e  a nd  v o l um e o f   
 a  g i v en  gas  a t  c on s t a n t  t emp e r a t u r e .   
 
V o lum e/  d m 2 5 0  3  2 7 5  3 0 0  3 2 5  
P r es su r e /m mH g 7 0 0  8 0 0  9 0 0  1 0 00  
       
( a )  U s e  o ne  o f  t he  ga s  l a ws  t o  c omm en t  on  t h e  r e a l i t y  o f   
 t h e  r es u l t s .                ( 2 )  
 
( b )  W h a t  vo l um e  w i l l  50 0  c m 3  o f  ga s  i n i t i a l l y  a t  25  0
        an d  75 0  mm Hg o c c up y w h e n  p r es s u r e  c ha n ge s  t o  6 50       
C   
        m mH g w hi l e  t em p e r a tu r e  r e ma ins   c on s t an t ?      ( 3 )  
 
( c )  W h i ch  l aw  i s  a pp l i e d  i n  t h e  a bo v e  qu es t io n?      ( 1 )  
 
3 . 2  T h e  f o l l o win g  d i a g r a m r e p r e s en t s  tw o  a i r - t i gh t  s yr i n ge s   
 w i t h  a  2  k g  ma ss  p i e c e  on  to p  o f  e a ch  o f  t he  p i s t o ns .  Bo th  
 c yl i n d e rs  c on t a in  a  mix tu r e  o f  N 2 O 4  an d  N O 2  
l i gh t  b ro wn .  
wh i c h  h as  
 r e a c h ed  eq u i l i b r i um .  Th e  co l ou r  o f  t he  ga s  mix t u r e  i s   
 
N 2 O 4 ( g )  +  H E A T    2 N O 2
C ol ou r l es s       R e dd i sh - b r o wn  
























































 C Y LIN D E R  I      C Y LIN D E R  I I   
   
 
T h e  f o l l o win g  ex p er im e n t s  a r e  pe r f o rm e d  wi t h  t h e  ab ov e  ga s  
 m ix tu r es :  
 
Ex pe r im en t  1 :  t h e  2  k g  m as s  p i e c e  on  c yl i nd e r  I  i s  r ep l ac e d  b y 
                     a  1  kg  m a ss  p i e c e  
 75 
 
O b s er v a t i on :  t h e  c o l ou r  o f  t h e  gas  mix t u re  b e c om es  d a r ker   
      a f t e r  a  wh i l e  
 
Ex pe r im en t  2 :  c yl in d e r  I I  i s  su r r ou nde d  wi t h  i c e .  
 
O b s er v a t i on :  t h e  ga s  mix t u re  b e c om es  v i r t u a l l y  c o l o u r l es s .  
 
( a )  U s e  t h e  g iv en  r ea c t i on  eq u a t i on  an d  Le  Ch a t e l i e r ’ s   
 p r in c i p l e  t o  ex p l a in  t h e  a bo ve  o bs e r va t i on s .        ( 6 )  
  
3 . 3  T w o  g i r l s  e a ch  p r ep a r e d  h yd r o ge n  ga s  b y a d d i n g  d i lu t e  
 s u l ph u r i c  a c i d  t o  z in c  g r a nu l e s .  In  b o th  c as e s  t h e  ga s  i s  
 l i b e r a t ed  a t  t h e  s am e  s pe e d .  Ho w ev e r ,  wh e n  g i r l  A ,  a dd ed   
 a  f e w p i e c es  o f  c opp e r  t o  he r  r e a c t io n  m ix tu r e ,  t h e  r e a c t io n   
 i n  h e r  t e s t  t u b e  p r oc e e d e d  no t i ce a b l y f a s t e r .  In  b o t h  c a se s  
 t em p e r a tu r e  i n c r e ase d  as  t he  r ea c t io n  p r o c e ed e d .  
 
( a )  w h a t  ro l e  d o es  t he  c o pp e r  p l a y i n  t h i s  c a s e?      ( 1 )  
 
( b )  w h ic h  o t h e r  t h r e e  m et ho ds  co u l d  g i r l  B  u s e  t o  i n c r e as e   
  t h e  r a t e  o f  t h e  r e a c t io n?         ( 3 )  
( c )  c l as s i f y  t h e  r e a c t i on  as  en do th e rmi c  o r  a s  ex o t h e rmi c  
 a n d  g i v e  a  r e as on  fo r  yo u r  c h o i c e .           ( 2 )  
   
  
3 . 4  M a k e  us e  o f  a n  e n er g y d i a g r a m  t o  ex p la i n  t h e  e f f e c t   
  o f  a  c a t a l ys t  on  th e  r a t e  o f  a  ch e mi c a l  r e a c t i on .   




          [ 2 5 ]  
 
 










A p p en d ix  G:   S o lu t i on s  f o r  t h e  In s t rum e n t  t o  A ss e s s  Ch em is t r y  





(a) Pure substance is any matter with fixed composition and distinct proportions.   (1) 
 




(a) Dilution.                 (1) 
 
(b) V (saline to be taken) 
                 =  9ml              (1) 
= 0.9%  x  100 ml/ 10% 
 
Take exactly 9.00 ml 10% saline solution, transfer  it with a pippet  
into a 100 ml volumetric flask, and fill the flask with to the  mark with water.   (2) 
 
(c) Dose for 85kg body weight  =  85 kg  x  0.04 ml / 1 kg          (2) 




(a) Atomic mass is the sum of protons and neutrons in the nucleus of an atom        (1) 
 
(b) Atomic number is the total number of protons in the nucleus of an atom        (1) 
 
(c) An element is a substance made up of group of atoms of the same kind.        (1) 
 




Let the number of protons be x,             (1) 
Then number of neutrons =  x  + 0.6 x            (1) 
             And mass number  = x  + x  + 0.6x             (1)  
              234  =  2.6x 
                                   i.e.  x  = 234 / 2.6 
                                           = 90 





(a) In an empirical formular the proportions of each kind of atom in a molecule will 
be indicated, while in the molecular formular the actual number of each kind of  
atom will be indicated.               (2) 
 
(b ) C6H12O6 is the molecular formular of a substance while CH2
 formular.                (1) 
Ois its empirical 
 
(c) MW (Na2SO4
   = 2 (23 g / mol)  +  32 g / mol  +  4 (16 g / mol)         (1) 
) = 2 x Ar (Na)  + Ar (S)  +  4  x  Ar (O) 
   = 46 g / mol + 32 g / mol + 64 g / mol 
   = 142 g / mol              (1) 
 % Na  =  46 g / mol ÷ 142 g / mol  x 100%            (1) 





(a) Lowry –Bronsted describe and acid in terms of its ability to transfer protons 
 While Arrhenius describes an acid in terms of its ability to increase the  
 concentration of protons when dissolved in water.           (2) 
 
(b) pH  + pOH  =  14               (2) 
 
2.2 
(a) (H+) = antilog (-1)               (2) 
          = 1  x  10-1
          = 0.1                (1) 
               (1) 
 
(b) magnesium hydroxide is basic, its consumption will lower the acid content in  
 the stomach, this will result in the decrease in pH level.          (2) 
  
(c) 2HCl  +  Mg(OH)2  MgCl2  +  2H2
 








  Ba 3 N 2B a 
2+








(a) Dinitrogen pentoxide               (1) 
 
(b) Calcium phosphate               (1) 
 
(c) Iron III oxide                (1) 
 
 
(d) The numbers 2, and 3 represent the ratio of sulphate ions to the calcium ions in  
 the molecule of calcium phosphate, while the number 4 represents the number  









(a) From the table when volume of the gas is increased the pressure also increases,  
             however Boyle`s law says the pressure of an enclosed gas is suppose to increase           
             when volume is decreased. The results therefore could not be real.         (2) 
 
(b) V  =  500 cm3
     =  576.9 cm
  x  750 mmHg  ÷ 650 mmHg            (1) 
3
 
               (2) 






(a) Replacing a 2 kg mass piece on the cylinder with a lighter mass piece will 
result in relieving the pressure of the gas inside the cylinder which will result   
in increased volume of the gas inside. According to Le Chatelier`s principle, 
increasing the volume of a gaseous equilibrium mixture causes the system to  
shift in the direction that increases the number of moles of gas. In this experiment  
that will be to the direction of nitrogen dioxide which is darker as compared to  
the other gas in the mixture.              (3) 
 
In experiment 2 the ice will lower the temperature of the reaction mixture and 
Since the given reaction is endothermic the lowering of the temperature according  
 79 
to Le Chartelier`s will make the equilibrium to shift to the direction that will 
produce heat which in this case the side of dinitrogen tetroxixe which is 
colourless.                (3) 




(a) Catalyst                (1) 
 
(b) Use concentrated sulphuric acid, grind zinc into powder or heat the reaction  
mixture                (3) 
 
(c) Exothermic, it was reported that temperature was released during the process.   (2) 
 
3.4 
A catalyst usually lowers the overall activation energy for a reaction by providing a 
completely different mechanism for the reaction. In the diagram the catalyst has provided 
an alternative path for the reaction by lowering the activation energy. In this case the 
catalyzed path will react at a faster rate than the uncatalyzed reaction. 
 
  
 
 
 
 
 
 
 
